Comfort Properties Of Cotton-acrylic Knitted Fabrics by Çil, Mustafa Günalp
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
İSTANBUL TECHNICAL UNIVERSITY  INSTITUTE OF SCIENCE AND TECHNOLOGY 
Master Thesis  by 
Mustafa Günalp ÇİL, Textile Eng. 
 
Department: Textile Engineering 
Programme: Textile Engineering 
 
 
JUNE 2007 
COMFORT PROPERTIES OF COTTON-ACRYLIC 
KNITTED FABRICS 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
İSTANBUL TECHNICAL UNIVERSITY  INSTITUTE OF SCIENCE AND TECHNOLOGY 
 
Master Thesis  by 
Mustafa Günalp ÇİL, Textile Eng. 
503051815 
 
Date of submission : 7 May 2007 
Date of defence examination: 11 June 2007 
 
Supervisor (Chairman): Prof. Dr. Cevza CANDAN 
Co-Supervisor: Assoc. Prof. Dr. Banu UYGUN NERGİS 
Members of the Examining Committee: Assoc. Prof. Dr. Hale KARAKAŞ (ITU) 
 Assoc. Prof. Dr. Behçet BECERİR (UU) 
 
Assist. Prof. Dr. Mustafa ÖZDEMİR (ITU) 
 
JUNE 2007 
 
COMFORT PROPERTIES OF COTTON-ACRYLIC 
KNITTED FABRICS 
 
  
 
 
 
 
 
 
İSTANBUL TEKNİK ÜNİVERSİTESİ  FEN BİLİMLERİ ENSTİTÜSÜ 
PAMUK-AKRİLİK ÖRME KUMAŞLARIN KONFOR 
ÖZELLİKLERİ 
 
Yüksek Lisans Tezi 
Müh. Mustafa Günalp ÇİL 
503051815 
HAZİRAN 2007 
 
Tezin Enstitüye Verildiği Tarih :  7 Mayıs 2007 
Tezin Savunulduğu Tarih :  11 Haziran 2007 
 
Tez Danışmanı: Prof. Dr. Cevza CANDAN 
Tez Eş Danışmanı: Doç. Dr. Banu UYGUN NERGİS 
Diğer Jüri Üyeleri: Doç. Dr. Hale KARAKAŞ (İ.T.Ü.) 
 Doç. Dr. Behçet BECERİR (U.Ü.) 
 Yrd. Doç. Dr. Mustafa ÖZDEMİR (İ.T.Ü.) 
 
 iii 
 
 
 
ACKNOWLEDGEMENTS 
I would like to express my most sincere appreciations to my thesis supervisors Prof. 
Dr. Cevza CANDAN and Assoc. Prof. Dr. Banu UYGUN NERGİS for their 
invaluable guidance and encouragement throughout this study.  
I am also indebted to my friends and to my family, for their helps, precious support 
and encouragement throughout the entire period of my study. 
Finally, special thanks to all research assistants of Textile Engineering Department, 
for their suggestions, help and comments during the study. 
May, 2007                                                                                      Mustafa Günalp ÇİL  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 iv 
 
 
 
TABLE OF CONTENTS 
ABBREVIATIONS  vi 
LIST OF TABLES vii 
LIST OF FIGURES viii 
LIST OF SYMBOLS x 
SUMMARY xi 
ÖZET xii 
1. INTRODUCTION 1 
1.1 Introduction and Aim of the Study  1 
2. LITERATURE SIRVEY 2 
2.1 Comfort  2 
2.1.1 Air Permeability 3 
2.1.2 Moisture Vapor Transmission 4 
2.1.2.1 Moisture Vapor Transmission In Steady State      4 
2.1.2.2 Moisture Vapor Transmission In Transient Conditions        5 
2.1.2.3 Moisture Vapor Transmission Rate Measurement Methods          6 
2.1.3 Wetting and Wicking   9 
2.1.3.1 Wetting         9 
2.1.3.2 Wicking   11 
2.1.3.3 Wetting and Wicking in Fibers and in Fibrous Assemblies       13 
2.1.3.4 Characterization Techniques for Wetting and Wicking  
            Behavior of Fibrous Materials         19 
2.1.4 Drying     22 
2.1.5 Moisture Regain 23 
2.1.6 Moisture Absorption 24 
3. EXPERIMENTAL STUDY      26 
3.1 Material  26 
3.1.1 Cotton   29 
3.1.2 Acrylic      29 
3.2 Method     30 
3.2.1 Comfort Properties       31 
3.2.1.1 Water Vapor Transmission Test      31 
3.2.1.2 Transfer Wicking Test                      31 
3.2.1.3 Measurement of Longitudinal Wicking                       32 
 v 
 
 
3.2.1.4 Measurement of Drying Speed                 32 
3.2.2 Physical and Dimensional Properties     32 
3.2.2.1 Fabric Weight     32 
3.2.2.2 Dimensional Stability               32 
3.2.2.3 Fabric Thickness               33 
3.2.2.4 Bursting Strength             33 
3.2.2.5 Abrasion Resistance                 33 
3.2.2.6 Pilling Test                 33 
3.2.2.7 Moisture Regain Test     33 
4. RESULTS AND DISCUSSIONS 34 
4.1 Results of Tested Comfort Properties           35 
4.1.1 Results of Water Vapor Transmission Test       35 
4.1.2 Results of Transfer Wicking Tests          39 
4.1.3 Results of Longitudinal Wicking Tests      49 
4.1.4 Results of Drying Tests       54 
4.2 Results of Physical Performance Tests           60 
4.2.1 Results of Moisture Regain Test           62 
4.2.2 Dimensional Stability Test Results         66 
4.2.3 Bursting Strength Test Results    70 
4.2.4 Abrasion Test Results                   72 
4.2.5 Pilling Test Results      74 
5. CONCLUSIONS 76 
REFERENCES 78 
BIOGRAPHY 80 
 
 
 
 
 
 
 
 
 
 vi 
 
 
 
ABBREVIATIONS 
SI : System International 
MVTR : Moisture Vapor Transmission Rate 
NCSU : North Carolina State University 
RH : Relative Humidity 
UV : Ultraviolet 
CV : Coefficient of Variation 
ASTM : American Society for Testing and Materials 
DIN : Deutsche Institut für Normung (German Standardization      
                               Institution) 
ANOVA : Analysis of Variance 
SPSS : Statistical Program for Social Science 
ISO   : International Standard Organization 
BS   : British Standard 
TS    : Turkish Standard 
EN : European Standard 
BW   : Before Washing 
A5Ws     : After Five Washes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 vii 
 
 
 
LIST OF TABLES                               
                                                                                                                                   Page No 
Table 3.1. Properties of The Yarns Used to Knit Fabric Samples ……… 27 
Table 3.2.  Coding of Samples …………………………………………... 28 
Table 3.3.  Physical Characteristics of Cotton Fibers ………………........ 29 
Table 3.4. Physical Characteristics of Polyacrilonitrile Fibers …………. 30 
Table 4.1.  Physical Properties of Dyed Fabrics Before Washing ………. 34 
Table 4.2.  Physical Properties of Dyed Fabrics After Five Washes …..... 35 
Table 4.3.  Water Vapor Transmission Rates Before and After Washing  36 
Table 4.4.  Transfer Wicking Ratios for Wet Fabrics Before Washing …. 40 
Table 4.5.  Transfer Wicking Ratios for Dry Fabrics Before Washing …. 41 
Table 4.6. Transfer Wicking Ratios for Wet Fabrics After Washing ….... 43 
Table 4.7. Transfer Wicking Ratios for Dry Fabrics After Washing …… 44 
Table 4.8. Correlations with Transfer Wicking Ratios …………………. 48 
Table 4.9. Longitudinal Wicking Test Results Before and After Washing  50 
Table 4.10. Drying Time and Drying Rates Before and After Washing …. 55 
Table 4.11. Correlations with Drying Rates …………………………....... 60 
Table 4.12. Physical Properties of Greige Fabrics Before Washing ……... 61 
Table 4.13. Physical Properties of Greige Fabrics After Five Washes …... 62 
Table 4.14. Moisture Regain and Moisture Content Before and After 
Washing ……………………………………………………. 
 
63 
Table 4.15. Dimensional Stability Test Results of Dyed Fabrics in Width 
and Length …………………………………………………… 
 
66 
Table 4.16. Spirality Values After Washing ………………………........... 69 
Table 4.17. Bursting Strength Test Results of Greige and Dyed Fabrics in 
kg/cm2 ………………………………………………………... 
 
70 
Table 4.18. Abrasion Test Results of Greige and Dyed Fabrics in Terms 
of Percentage Weight Loss …………………………….......... 
 
72 
Table 4.19. Pilling Test Results of Greige Fabrics ……………………….. 74 
Table 4.20.  Pilling Test Results of Dyed Fabrics ………………………… 75 
 
 
 
 
 
 
 viii 
 
 
 
LIST OF FIGURES    
                                                                                                                                Page No 
Figure 2.1 
Figure 2.2 
Figure 2.3 
Figure 2.4 
Figure 2.5 
Figure 2.6 
 
Figure 2.7 
Figure 2.8 
 
Figure 2.9 
Figure 2.10 
 
Figure 2.11 
Figure 2.12 
Figure 2.13 
Figure 2.14 
Figure 2.15 
Figure 2.16 
 
Figure 2.17 
Figure 2.18 
Figure 2.19 
 
Figure 2.20 
 
Figure 3.1 
Figure 3.2 
Figure 3.3 
Figure 3.4 
Figure 3.5 
Figure 4.1 
Figure 4.2 
Figure 4.3 
 
Figure 4.4 
Figure 4.5 
Figure 4.6 
Figure 4.7 
Figure 4.8 
Figure 4.9 
: Water Vapor Transport in Transient and Equilibrium States ..... 
: Water Vapor Transfer Through Fabrics ...................................... 
: Upright Cup Method ................................................................... 
: Sweating Guarded Hot Plate ....................................................... 
: NCSU Thermolabo Sweating Guarded Hot Plate ....................... 
: The Apparatus for The Assessment of Moisture Transport 
Through Flat Textiles .................................................................. 
: A Small Liquid Droplet Over a Horizontal Surface ................... 
: Thermodynamic Equilibrium of Surface Tensions and The 
Contact Angle ................................................................................
: Wicking in a Capillary ..................................................................
: Contact Angles of Raw and Pre-treated Regenerated Cellulose 
Fibers ........................................................................................... 
: Wicking of Ring and Compact Yarns ...........................................
: Effect of Twist Factor on Wicking Height ....................................
: Wicking Behavior of Knitted Fabrics ...........................................
: Moisture Transfer Models for Two-layer Fabrics .........................
: Sessile Drop and Bubble for Measuring Contact Angle ...............
: Wilhelmy Method for Measuring Interfacial Tension Between 
Liquid and Fiber ............................................................................
: Longitudinal Wicking Test (Strip Test) ........................................
: The Plate Test ................................................................................
: Method for Fabric Setting for Experiments on Transfer Wicking 
(Horizontally and Vertically)   
: Moisture Uptake of Fabrics Made from Various Fibers During 
Humidity Transients ......................................................................
: Single Jersey Fabric Construction .................................................
: Longitudinal and Cross-sectional View of Cotton Fibers .............
: Chemical Formula of Polyacrylonitrile .........................................
: General Chemical Formula of Acrylic Copolymers .....................
: Water Vapor Transmission Test Model .......................................
: Water Vapor Transmission Rates ..................................................
: Washing Effect on Water Vapor Transmission Rates (g/m2.24h) 
: Initial Tightness Effect on Water Vapor Transmission Rates 
(g/m2.24h) After Washing .............................................................
: Transfer Wicking Before Washing for Wet Fabrics …….............
: Transfer Wicking Before Washing for Dry Fabrics ………….....
: Transfer Wicking After Washing for Wet Fabrics ……................
: Transfer Wicking After Washing for Dry Fabrics ……………....
: Washing Effect on Transfer Wicking ...........................................
: Yarn Count Effect on Transfer Wicking .......................................
  5 
  6 
  7 
  7 
  8 
   
  9 
 10 
 
 10 
 11 
   
 13 
 14 
 15 
 16 
 17 
 19 
 
 20 
 20 
 21 
 
 22 
   
 25 
 26 
 29 
 30  
 30 
 31 
 37 
 38 
  
 39 
 42 
 42 
 45 
 46 
 47 
 48 
 ix 
 
 
Figure 4.10 
Figure 4.11 
Figure 4.12 
Figure 4.13 
 
Figure 4.14 
 
Figure 4.15 
Figure 4.16 
Figure 4.17 
 
Figure 4.18 
Figure 4.19 
Figure 4.20 
Figure 4.21 
Figure 4.22 
 
Figure 4.23 
Figure 4.24 
Figure 4.25 
Figure 4.26 
Figure 4.27 
Figure 4.28 
Figure 4.29 
 
Figure 4.30 
 
: Longitudinal Wicking Before Washing ........................................
: Longitudinal Wicking After Washing ..........................................
: Longitudinal Wicking Velocities Before and After Washing .......
: Tightness Effect on Longitudinal Wicking Velocities Before 
Washing .........................................................................................
: Effect of Yarn Count on Longitudinal Wicking Behavior Before 
Washing .........................................................................................
: Drying Ratios Before Washing .....................................................
: Drying Ratios After Washing ........................................................
: Volume Occupied by Water During Before Washing Drying 
Test ............................................................................................... 
: Volume Occupied by Water During After Washing Drying Test .
: Effect of Yarn Count on Drying Behaviors of Fabrics .................
: Moisture Contents of Fabrics Before Washing ............................
: Moisture Contents of Fabrics After Washing ...............................
: Effect of Fiber Composition on Moisture Regain Properties of 
Fabrics ...........................................................................................
: Dimensional Change on Dyed Fabrics After One Wash ...............
: Dimensional Change on Dyed Fabrics After Five Washes ...........
: Dimensional Change in Widthwise Direction ...............................
: Dimensional Change in Lengthwise Direction .............................
: Spirality Values After One Wash and After Five Washes ............
: Mean Bursting Strength Values (kg/cm2) .....................................
: Percentage Weight Loss of Greige and Dyed Fabrics Caused by 
Abrasion ........................................................................................
: Effect of Five Washes on Weight Loss of Fabrics Caused by 
Abrasion .........................................................................................
 50 
 51 
 52 
  
 53 
 54 
 56 
 57 
  
57 
 58 
 59 
 64 
 64 
  
 65 
 67 
 67 
 68 
 68 
 70 
 71 
  
 73 
  
 73 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 x 
 
 
 
LIST OF SYMBOLS  
VT : Total volume of water vapor transported from skin in transient state  
Vt : Volume of water vapor diffused or transmitted through fabric 
Vf : Volume of water vapor absorbed by fibers 
G : Mass difference of the liquid in grams  
t : Time 
A : Effective area of the fabric in m2 
γ : Interfacial tension 
θ : Equilibrium contact angle 
S : Solid 
L : Liquid 
V : Vapor 
r : Capillary radius 
R : Radius of the curved interface  
θA : Advancing contact angle 
η : Viscosity of the liquid 
l : Length of liquid front  
ρ : Liquid density  
g : Gravitational acceleration  
h : Height of drop  
a : Contact radius  
R : Transfer wicking ratio  
C0 : Initial water concentration at the beginning 
C : Water concentration at any time t   
Cr : Equilibrium concentration 
M0 : Conditioned mass 
M : Mass of specimen after oven drying 
αe  : Twist coefficient 
S : Percentage dimensional change  
D1 : Measurement before washing 
D2 : Measurement after washing 
 
 
 
 
 
 
 
 xi 
 
 
 
COMFORT PROPERTIES OF COTTON-ACRYLIC KNITTED FABRICS 
 
SUMMARY 
Comfort, as a subject, is becoming a term used more often where marketing 
strategies of most of apparel producers are based on its attractive influence on 
consumers. Since the perception of comfort is something subjective, the need of 
ability to define comfort with measurable quantities, so as to have clear definitions 
explaining comfort related properties and to make robust comparisons, gets more 
important. At this point, clothing systems with optimized moisture management 
properties have much importance. Newly introduced textile products containing 
cotton-acrylic blended knitted fabrics to the market are worth investigating their 
potential comfort properties because there is no study in literature about this subject.  
The water interaction with fabrics which incorporate water vapor permeability, 
wicking abilities and drying behaviors of fabrics were tested to see and recognize the 
comfort related abilities of fabrics. Effects of categorical variables; fiber 
composition, yarn count, tightness and washing and other fabric parameters on 
comfort properties were tried to be revealed. Moreover, physical performance of 
fabrics; moisture regain, dimensional stability, resistance to pilling, resistance to 
abrasion and bursting strengths are tested. Experimental results were statistically 
evaluated at SPSS using univariate ANOVA and bivariate correlation analysis. 
Results of the experimental study showed that washing has a positive influence on 
water vapor permeability and wicking abilities of fabrics studied. Transfer and 
longitudinal wicking abilities of fabrics increase with the use of comparatively 
coarser yarns while drying rates increase with the use of comparatively finer yarns. 
Furthermore, water vapor transmission rates tend to be higher with decreasing acrylic 
ratio in the composition while both longitudinal and transfer wicking abilities of 
fabrics studied increase with the increase of acrylic fiber in ratio in the composition 
and drying rates are independent from the fiber type. Moreover, physical 
performances of cotton-acrylic blends were monitored in the results which are 
between the performances 100% cotton and 100% acrylic fabrics in general. 
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PAMUK-AKRİLİK ÖRME KUMAŞLARIN KONFOR ÖZELLİKLERİ 
 
ÖZET 
Konfor, tüketiciler üzerindeki çekici etkisi nedeniyle hazır giyim üreticilerinin 
pazarlama stratejilerini dayandırdıkları, çok daha sık kullanılır hale gelmekte olan bir 
kavramdır. Rahatlık algısı öznel bir his olduğu için konfor kavramını ölçülebilir 
büyüklükler cinsinden ifade etmek ve sağlıklı karşılaştırmalar yapabilmek ihtiyacı 
daha önemli hale gelmektedir. Bu noktada, giysi sistemlerinin en uygun nem yönetim 
özelliklerine sahip olması çok önemlidir. Pazara yeni sürülen tekstil ürünlerinin 
pamuk-akrilik karışımlı örme kumaşlar ihtiva edenlerinin konfor özellikleri, 
literatürde bu konuda bir çalışma bulunmadığı için, araştırmaya değerdir.  
Kumaşların su buharı geçirgenliği, kılcal ıslanma kabiliyetleri ve kuruma 
davranışlarını kapsayan su ile olan etkileşimleri konfor özellikleri ile ilgili 
yeteneklerini görebilmek için test edilmiştir. Kategorik değişkenler; elyaf içeriği, 
iplik numarası, kumaş sıkılığı ve yıkama; ve diğer yapısal kumaş değişkenlerinin 
konfor özellikleri üzerindeki etkileri ortaya çıkarılmaya çalışılmıştır. Ayrıca 
kumaşların fiziksel performans özellikleri olan nem kazanımı, boyusal değişim, 
aşınma dayanımı, patlama mukavemeti ve boncuklanma eğilimleri gibi özellikleri de 
test edilmiştir. Deneysel çalışma istatistiksel olarak SPSS programı yardımıyla çok 
değişkenli varyans analizi ve çift değişkenli korelasyon analizleri yapılarak 
değerlendirilmiştir. 
Deneysel çalışmanın sonucunda yıkamanın incelenen kumaşların su buharı 
geçirgenliği ve kılcal ıslanma özellikleri üzerinde arttırıcı bir etkisi olduğu 
görülmüştür. Kumaşların transfer ve dikey kılcal ıslanma yetenekleri nispeten kalın 
ipliklerin kullanılmasıyla artarken, kuruma hızları nispeten daha ince ipliklerin 
kullanımıyla artmaktadır. Buna ilaveten, incelenen kumaşların transfer ve boyuna 
kılcal ıslanma yetenekleri elyaf içeriğindeki akrilik lifi oranı arttıkça iyileşirken su 
buharı geçiş hızları karışımdaki akrilik lifi oranının artmasıyla azalmaktadır. Kuruma 
hızı ise lif içeriğinden etkilenmemektedir. Ayrıca pamuk-akrilik karışımlı kumaşların 
fiziksel performanslarının, genel olarak, %100 pamuk ve %100 akrilik kumaşların 
fiziksel performans değerlerinin arasında neticeler verdiği görülmüştür.
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1. INTRODUCTION 
1.1 Introduction and Aim of the Study 
Today, clothing is not something that just used to cover the human body. 
Convenience and comfort are top priorities in the selection of garments and style of 
construction is the thing customers try to find which means high quality of the 
finished textile product to the customer. Since it is the customers’ demand playing 
the most influential role in the development of textiles, increasing complexity of 
customer demands and consumer’s perception of comfort are getting more and more 
important than the day before which forces apparel producers to be on a continuous 
improvement with innovations. At this point clothing systems with optimized 
moisture management properties have much importance as the subject of clothing 
comfort. 
While global warming makes people feel its influence on their lives, seasons did start 
to change in characteristics which results in warmer winter seasons. Newly formed 
acclimatized living and working conditions do prevent people from feeling cold as 
much as before. As a result, people prefer wearing more lightweight garments in 
daily life. Acrylic fiber, keeping its position as a replacement of wool fibers, is 
introduced in market, as a new marketing strategy of the companies in apparel 
market, in blends with cotton with its increasing effect on comfort properties starting 
with athletic socks to casual wear, especially in knitted goods. 
The aim of this study can be summarized as to fill the gap in the literature of 
investigating comfort properties of fabrics of cotton-acrylic blends, keeping an eye 
on their physical performance. Therefore, having such an idea, it became important 
to make a research on the factors influencing comfort properties of cotton-acrylic 
knitted fabrics. An experimental study was conducted to reach this objective and it 
has been aimed to have informative and explanatory results on the subject. 
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2. LITERATURE SURVEY 
2.1 Comfort 
Comfort is a fundamental and universal need for consumers. Consumers desire 
garments that enable them to be comfortable and feel good in, whatever the activity 
they happen to be engaged upon. They want their clothing to be natural, comfortable 
and easy care and demand more information about the product they buy. Clothing 
and textile products which are essential materials to be used everyday to obtain 
physiological and psychological comfort have to ensure physical conditions around 
human body suitable for survival [1]. 
Comfort has been defined as a pleasant state of physiological, psychological and 
physical harmony between a human being and the environment where physiological 
comfort is related to the human body’s ability to maintain life, psychological to the 
mind’s ability to keep itself functioning satisfactorily with external help and physical 
comfort to the effect of the external environment on the body. Further, the 
psychological and physiological states have the aspects of thermophysiological 
comfort which expresses a comfortable thermal and wetness state, sensorial comfort 
that corresponds neural sensations when a textile comes into contact with skin, body 
movement comfort which incorporates ability of a textile to allow freedom of 
movement and body shaping and aesthetic appeal that contributes to overall well-
being of the wearer [1].  
Thermophysiological wear comfort concerns the heat and moisture transport 
properties of clothing and skin sensorial wear comfort concerns the mechanical 
contact of the fabric with the skin and its lack of prickle, irritation and cling when 
damp, in other words how a fabric or garment feels when it is worn next to skin. 
Tickle which is because of fabric hairiness, prickle caused by coarse and therefore 
stiff fibers protruding from fabric surface, wet cling that is associated with damp and 
sticky sweat residues on skin, and warmth to touch are some of the separate factors 
of sensorial comfort [2].   
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It is significant to find an effective way to identify the target consumers’ specific 
requirements, and link them with the technical attributes of products and the 
knowledge and methodology used in clothing comfort researches are the vital tools 
to achieve this objective [1]. Clothing comfort incorporating aspects of clothing 
design and fabric comfort properties where we have fabric design and construction 
parameters to observe the perception of comfort is closely related with human 
physiology. Due to the interaction with external environment physiological system of 
the body generates heat transfer by conduction, convection and radiation, moisture 
transfer by diffusion, sorption, wicking and evaporation and mechanical interactions 
in the form of pressure, friction and dynamic irregular contact [1]. Although many 
experimental researches have been made to evaluate the feeling of comfort by asking 
participants to describe the sensations they experienced during trials, in addition to 
these subjective researches it is better to have measurements in numerical units and 
to compare and analyze the results of the tests related with the properties which 
finally compose the comfort feeling. In order to investigate the parameters effecting 
clothing comfort in normal wear conditions various simulating models and testing 
systems have been designed and developed by researchers to get findings. In the 
following parts, it is mainly focused on the physiological aspects of comfort and the 
content of the survey incorporates mechanisms of moisture vapor transport, wicking 
and drying of textile fabrics.  
2.1.1 Air Permeability 
Permeability is a property composed of performance and thickness of a material in 
[m3/s.m2] in SI system. Air permeability can be defined as the volume of air 
permitted to pass a certain area of the textile material in a period of time under a 
specific pressure. Air permeability of a fabric is an auxiliary factor affecting the 
comfort properties of textile materials. For instance, it is the main factor setting the 
water vapor transmission rates of fabrics of different fiber types owing to the same 
fabric structures after reaching equilibrium [3]. The air permeability of a fabric can 
be described as a measure of how well it allows the passage of air through it. The 
reciprocal of air permeability, air resistance, is defined as the time in seconds for a 
certain volume of air to pass through a certain area of fabric under a constant 
pressure. The advantage of using air resistance instead of air permeability is to be 
able to characterize the air resistance of an assembly of a number of fabrics as the 
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sum of the individual air resistances while air permeability is just characterizing a 
fabric [2].  
2.1.2 Moisture Vapor Transmission 
Water vapor transmission rate is defined as the steady water vapor flow in unit time 
through unit area of a body, normal to specific parallel surfaces, under specific 
conditions of temperature and humidity at each surface [4].  
During daily activity of human body thermophysiological arrangements regularly 
done by body itself produce sweat and water vapor from skin pores. The vapor 
pressure gradient between the sweating skin and ambient environment causes water 
vapor molecules to diffuse through clothing toward lower pressure in the surrounding 
environment. Moisture vapor is transferred through fabrics in several ways: 
Diffusion through air in fabric voids, diffusion through fibers, and by transfer of 
absorbed water molecules along fiber surfaces [3].  
Perspiration, as an important mechanism, is used by human body to lose heat when 
the body temperature starts to raise, so with a fabric of low moisture vapor 
permeability sufficient perspiration is not able to be passed which leads to sweat 
accumulation in the clothing, hence discomfort [2]. 
2.1.2.1 Moisture Vapor Transmission In Steady State 
Steady state water vapor transport through fabrics occurs via diffusion processes. 
Therefore, the moisture vapor resistance of fabrics in steady state depends mostly on 
fabric geometry, specifically fabric thickness and porosity. Fabric thickness should 
be taken into consideration when evaluating moisture transport since it affects the 
path length through which water molecules diffuse through the fabric, so thicker 
fabrics are expected to have higher resistance to water vapor transfer [3]. 
Long [5] investigated water transfer properties of two-layer weft knitted fabrics and 
reported that whether hydrophobic or hydrophilic fiber material is used, the fiber 
nature has no apparent effect on water vapor permeability rates of the fabrics studied 
which have various fiber compositions, 100% cotton, cotton-polypropylene, cotton-
polyester, cotton-polyacrylonitrile, wool-polyacrylonitrile-polyamide-polypropylene 
and wool-polyacrylonitrile-polyamide-polyester and added that the fabric with the 
highest bulk density (product of unit mass and thickness of the fabric, in g/m3) in the 
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same group gives the lowest water vapor permeability rate and a fabric of higher 
stitch density has lower water vapor permeability rate under equal otherwise 
conditions. 
2.1.2.2 Moisture Vapor Transmission In Transient Conditions 
Researches have been made reveal that in dynamic wear conditions steady state 
measures are not sufficient to explain moisture management that influences clothing 
comfort. Unlike steady state in the transient conditions water vapor transmission, 
following the onset of sensible perspiration, vapor pressure of the microclimate 
existing between skin and the fabric increases and reach equilibrium shown in Figure 
2.1. Fabrics containing highly absorbent hygroscopic fibers reach equilibrium slowly 
while fabrics containing less hygroscopic fibers due to rapid increase in humidity 
reach equilibrium at a short time. Therefore in addition to fabric geometry, fiber 
hygroscopity should be taken into account as a determinant in water vapor transport 
through fabric in the transient state. After reaching equilibrium water vapor diffuses 
through fabric voids uninfluenced by fiber absorption, reflecting constant vapor 
permeability in the equilibrium state. In the transient state total water vapor transport 
from skin (VT) is a sum of the diffusion or transmission of water molecules through 
air spaces in fabric (Vt) and the moisture vapor absorbed by fibers (Vf) as shown 
below in Figure 2.2 [3].  
Figure 2.1: Water Vapor Transport in Transient and Equilibrium States [3] 
Vf 
Vt 
Vt 
Transient 
State 
Equilibrium State Moisture 
Vapor  
Transport 
Time  
VT = Vt  + Vf 
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Figure 2.2: Water Vapor Transfer Through Fabrics [3] 
Prahsarn [3], using upright cup method, found out that the moisture vapor 
transportation rates through fabrics are directly correlated with the parameters, fabric 
thickness and fabric density. 
Fukazawa [6] developed an equipment to measure the water vapor permeability 
resistance of textiles and investigated water vapor transport at high altitudes with 
combined influence of the temperature and pressure simulating altitude and reported 
that the effect of temperature on water vapor resistance is small while that of 
pressure is significant. Water vapor resistance decreases with increasing altitude and 
decreased water vapor resistance enhances condensation in clothes which cause 
further discomfort. The resistance of textile decreases with decreasing pressure and 
due to the condensation thermal conductivity of clothes increase which can be 
dangerous in severe environment.       
2.1.2.3 Moisture Vapor Transmission Rate Measurement Methods  
The water vapor permeability of fabrics is a significant property for which used in 
clothing systems intended to be worn during vigorous activity. During the periods of 
high activity human body cools itself by sweat production and evaporation where the 
ability of clothing to remove this moisture in order to maintain comfort and reduce 
the degradation of thermal caused by moisture build-up is an important factor [2]. 
A simple way of measuring moisture vapor transmission through test fabric is using 
upright cup method shown in Figure 2.3. The amount of moisture vapor loss from an 
enclosed dish, with a test fabric on top, is determined over a period of time and used 
to calculate a moisture vapor transmission rate [3].  
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Figure 2.3: Upright Cup Method [2] 
Moisture vapor transmission rate is calculated, in g/m2.hours, for upright cup method 
as below, where G is the mass difference, obtained by the weight change, of the 
liquid in grams, t is the time during which G occurred in hours, and A is the effective 
area of the fabric in m2: 
At
G
.
 MVTR =
                                                                                                          
(2.1) 
A second way of measuring moisture vapor transmission is to use sweating guarded 
hot plate as shown below in Figure 2.4. The sweating guarded hot plate is used to 
measure the heat and moisture transport properties of fabrics including thermal 
insulation and evaporative thermal insulation. In this test the amount of power 
required to maintain a heated plate surface at 35 ºC, when covered with test fabric is 
measured and used to calculate the thermal resistance of the fabric and the 
evaporative thermal resistance of fabric is determined when water is applied through 
hot plate to stimulate evaporating sweat [3]. 
Figure 2.4: Sweating Guarded Hot Plate [3] 
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Another example of the water vapor transmission measurement devices, developed in 
North Carolina State University, is NCSU thermolabo sweating guarded hot plate 
which uses same principle of measurement as sweating guarded hot plate (Figure 
2.5) [3]. 
 
Figure 2.5: NCSU Thermolabo Sweating Guarded Hot Plate [3] 
The measuring system shown in Figure 2.6, constructed in the Department of 
Clothing of the Faculty of Engineering and Marketing of Textiles at the Technical 
University of Lodz, Poland, consists of a cylindrical chamber proper and an external 
insulation chamber, the task of which is to limit heat exchange between the chamber 
proper and the environment. In the lower part of the chamber proper, there is a 
sweating surface which simulates human skin, being moistened with water by means 
of a capillary system. The magnitude of sweating can be altered by putting special 
diaphragms over the skin, which allows the rate of moisture evaporation to be 
changed. Directly under the artificial skin there is a source of heat maintaining a 
constant temperature of the sweating surface. The material under investigation is 
placed over the surface of the skin. Temperature and moisture sensors are placed on 
both sides of every package layer. The space over the material under investigation is 
ventilated with the possibility of measuring the air velocity [7]. 
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Figure 2.6: The Apparatus for The Assessment of Moisture Transport Through Flat 
Textiles [7] 
2.1.3 Wetting and Wicking 
Wetting and wicking process occurring especially during dyeing, finishing and the 
wearing of clothes all have a practical significance in controlling the quality of the 
textile processing and clothing comfort. In some applications such as active 
sportswear, exercise garments, work clothing and footwear the concept of moisture 
management is utilized to prevent or minimize the collection of liquids on the skin of 
the wearer due to the perspiration which is done by quickly wicking or diffusing the 
liquid through the textile material to the atmosphere [8]. 
2.1.3.1 Wetting 
The term wetting describes the displacement of a solid-air interface with a solid-
liquid interface. Figure 2.7 (a) shows partial wetting, mostly non-wetting, (b) partial 
wetting mostly wetting and (c) complete wetting. The wettability, which is the initial 
behavior of a fabric, yarn or fiber when brought in a contact with a liquid, is the 
potential of the surface to interact with liquids with specified characteristics. Fabric 
wetting is a complex subject involving many mechanisms including spreading, 
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immersion and adhesion and capillary penetration. Intermolecular forces between 
different molecules are known as adhesive forces which are responsible for wetting 
and capillary phenomena, for instance if the adhesive forces between a liquid and a 
glass tube inner surface are larger than the cohesive forces within the liquid, the 
liquid will rise upwards along the glass tube. Thermodynamic equilibrium of surface 
tensions and the contact angle has been shown in Figure 2.8. A liquid that will move 
in a fibrous medium must firstly wet the fiber surfaces before being transported 
through the interfiber pores by means of capillary action [3,8,9]. 
 
Figure 2.7: A Small Liquid Droplet Over a Horizontal Surface [9] 
  
Figure 2.8: Thermodynamic Equilibrium of Surface Tensions and The Contact 
Angle [3] 
The replacement of air by liquid can be described by Young-Dupre equation given 
below (Equation 2.2) where γ is interfacial tension; S, L, V denote solid, liquid or 
vapor surfaces. 
0cos =⋅−− θγγγ LVSLSV                                                                                     (2.2) 
The term γLVcosθ, has been called adhesion tension or specific wettability and the 
equation is valid only for a drop resting at a equilibrium on a smooth, homogenous, 
impermeable and non-deformable surface [8].  
θ 
liquid 
solid 
gas 
γLV 
γSL γSV 
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A liquid is said to be mostly wetting when θ ≤ pi/2, and mostly non-wetting when θ > 
pi/2. When contacted with water, a surface is usually called hydrophilic if θ ≤ pi/2 and 
hydrophobic if θ > pi/2 [9].  
The wetting of fibrous materials is dramatically different from the wetting process on 
a flat surface due to the geometry of cylindrical shape and since a liquid which fully 
wets a material in the form of a smooth planar surface may not wet the same material 
when presented as a smooth fiber surface. Fabric wettability is determined by the 
chemical nature of fibers and fiber geometry. The prior factor involves function 
groups that attract water molecules such as hydroxyl group in cellulosic molecules 
and the latter factor involves roughness of contact surface area. Smooth fabrics have 
high wettability due to their great surface area [3,9,10].   
2.1.3.2 Wicking 
Wicking is the spontaneous flow of a liquid in a porous substrate, driven by capillary 
forces. Since capillary forces are caused by wetting, wicking can be described as a 
result of spontaneous wetting in capillary system. In the simplest case of wicking in a 
single capillary tube a meniscus is formed (Figure 2.9) [9]. 
 
Figure 2.9: Wicking in a Capillary [9] 
For a capillary with a circular cross section, the radius of the curved interface, where 
r is capillary radius, is as given in Equation 2.3 [9]: 
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θcos
  R r=                                                                                                           (2.3) 
In the absence of external forces, arising from the wetting, transport of liquids into 
fibrous assemblies is driven by capillary forces. The wicking rate is dependent on the 
capillary dimensions of fibrous assembly and the viscosity of the liquid. When 
wicking takes place in a material whose fibers can absorb liquid the fibers may swell 
as the liquid taken up which reduces the capillary spaces between fibers, potentially 
altering the wicking rate. The rate of progress of liquid for a simple capillary of 
radius r can be expressed as follows (Equation 2.4) where θA is advancing contact 
angle, η is the viscosity of the liquid and l is the length of liquid front [2]: 
l
r
dt
dl ALV
⋅⋅
⋅⋅
=
η
θγ
4
cos
                                                                                                 (2.4) 
By using above formula the distance traveled along a capillary by a liquid in a given 
time t can be found using Equation 2.5 below [2]: 
η
θγ
⋅
⋅⋅⋅
=
2
cos ALVtrl                                                                                              (2.5) 
The height to which the liquid wicks is limited by gravitational forces and ceases 
when the capillary forces are balanced if the material is vertical, so the equilibrium 
height can be calculated as follows (Equation 2.6) where ρ is liquid density and g is 
the gravitational acceleration [2]: 
Equilibrium height
ρ
θγ
⋅⋅
⋅⋅
=
gr
l ALV cos2                                                                        (2.6) 
The wicking rate indicates the ability of fabric in transporting liquid moisture 
through its structure. Transplanar wicking is the transport of liquid into fabric 
structure in the direction perpendicular to the fabric plane and longitudinal wicking 
occurs when fabric is partially immersed into an unlimited reservoir parallel to the 
fabric plane. The measured longitudinal wicking rates of fabrics are not always 
correlated with corresponding transplanar wicking rates. Since the mechanism of 
removal of liquid perspiration from the skin involves its movement through the 
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fabric thickness transplanar wicking is perhaps of more importance than the 
longitudinal wicking [2,3].  
Since fibrous structures are never of a perfect capillary and are changeable in shape 
due to swelling of fibers (if hydrophilic) wicking is affected by the morphology of 
fibrous assemblies. Because of this complicated problem, wicking flow on 
periodically irregular capillaries, an efficient and precise way of representing the 
intricate structure of fibrous structure of fibrous assemblies is still awaited [9]. 
2.1.3.3 Factors Effecting Wetting and Wicking in Fibers and Fibrous 
Assemblies 
Types of fibers, chemical purity, orientation of molecules, surface contamination, 
surface finish, cross-sectional shape, surface roughness, pre-wetting, annealing, 
presence of surfactants, alkaline hydrolysis, washing, bleaching and mercerization 
are the factors influencing the wetting behavior of the fibers. Rough surfaces give 
rise to fast spreading along troughs offered by the surface roughness. Pre-treatments 
applied such as washing, bleaching and mercerization increases the sorption ability 
and fibers with the highest sorption have the smallest contact angle. Figure 2.10 
indicates contact angles of raw and pre-treated regenerated fibers where alkaline 
purification has the biggest influence on viscose fibers. Increasing diameter of fibers, 
which leads to better accessibility of fiber interfaces to liquid due to the fact that 
fiber structure becomes loose, decreases the contact angle [8]. 
 
Figure 2.10: Contact Angles of Raw and Pre-treated Regenerated Cellulose Fibers 
[8] 
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Various parameters, such as yarn structure, yarn tension, twist, fiber shape, number 
of fibers in yarns, fiber configuration, finish and surfactants influences wicking of 
yarns. Open-end yarns wick faster and more evenly than ring yarns but elevate nearly 
the same amount of water for a given yarn count and for a given vertical height the 
wicking time of open-end spun yarns is less than that of ring spun yarns. The studies 
made reveals that the equilibrium wicking heights observed for ring yarns were more 
than those of compact yarns, ring yarns wicks faster than compact yarns and coarser 
yarns wick faster than finer ones as shown below in Figure 2.11 [8]. 
 
Figure 2.11: Wicking of Ring and Compact Yarns [8] 
As the packaging coefficient of compact spun yarns is greater than that of 
corresponding ring yarns, the average capillary size would be less in compact yarns 
than ring yarns. The wicking behavior of yarns can be affected by both core and 
surface structure. Twist in the yarns influence the inter-fiber capillaries as a result of 
helical path of the fibers in the yarns. Experimental studies reveal that wicking is 
highly sensitive to twist and structure of ring and open-end spun yarns as shown 
below in Figure 2.12 where both vertical wicking heights are decreasing with 
increasing twist factor values [8]. 
  
15 
 
 
 
Figure 2.12: Effect of Twist Factor on Wicking Height [8] 
Size, shape, alignment and distribution of fibers, fiber combinations, yarn structure, 
fabric construction parameters, fabric position in a multilayer system, desizing, 
scouring, bleaching, alkaline hydrolysis, enzymatic treatments, plasma, UV and 
ozone treatments, property of liquid, surfactants and type of finishes and laundering 
are the factors effecting wicking properties of fabrics. In a fabric wicking rate and the 
liquid transported depend on pore sizes and their size distribution along the fabric 
surface. According to the capillary principle smaller pores are completely filled first 
and are responsible for the liquid front movement and the distance of liquid 
advancement is greater in smaller pores because of higher capillary pressure, but the 
mass of liquid retained in such a pore is small. As the smaller pores are completely 
filled, liquid then moves to the larger pores. A larger amount of liquid mass can be 
retained in larger pores but the distance of liquid advancement is limited. So fast 
liquid spreading in fibrous materials is facilitated by small, uniformly distributed and 
interconnected pores whereas high liquid retention can be achieved by having a large 
number of large pores or a high total pore volume. Ring yarn fabrics wick faster than 
compact yarn fabrics and fabrics made from coarser yarns show faster wicking than 
those made from finer yarns, both of which wicking behavior of fabrics follow the 
same order as that of yarns as shown in Figure 2.13 [8].  
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Figure 2.13: Wicking Behavior of Knitted Fabrics [8] 
Yoon and Buckley reported that the wicking rate was higher in wale direction than in 
the course direction and observed substantial variation in wicking behavior as the 
fiber composition of knit fabrics tested varied. They further added that bulk 
properties of the fiber material, such as regain, do not have any significant influence 
on the liquid transport properties [8]. 
Scouring improves water wettability and retention, even in the case of reduced pore 
volume in the fabric, while bleaching improves surface wettability and water 
retention without affecting the fabric pore structure. Wetting and wicking properties 
of textile materials can be enhanced by alkaline and bleaching treatments and 
enzymatic scouring of cotton. Moreover, the wicking rates of cotton increases after 
consecutive launderings due to the reduction in contact angles as well as increased 
pore volume [8]. 
Kissa [10] reviewed the fundamentals of wetting and wicking and stated that wicking 
processes can be divided into four categories: Capillary penetration only; 
simultaneous capillary penetration and imbibitions by the fibers; capillary 
penetration and absorption of a surfactant on fibers; and simultaneous penetration, 
imbibitions by the fibers and absorption of a surfactant on fibers. If the liquid 
interacts with a textile containing a surfactant, its absorption and orientation on the 
fiber surface effect interfacial tension and wettability. Differences between wicking 
performances of various surfactants can be explained by the surfactant absorption 
and diffusivity. The structure of a surfactant determines the wetting rate. 
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Wiener and Dejlova [11] proposed a model for wicking and wetting in textiles and 
found out that the result of the wicking depends on a series of factors which 
influence interfacial tensions such as temperature, pressure, impurities and polarity; 
other properties of liquid like viscosity and liquid evaporation and fiber properties 
such as surface articulation and fiber fineness and plotted graphs of results of their 
experimental study showing the increase on the suction height by the increasing 
number of fibers in the cross section of the threads tested. 
Adler and Walsh [12] developed a technique to determine the mechanism by which 
moisture is transported between fabrics under transient conditions at low moisture 
contents. Performing the tests of a variety of fabrics at various levels of moisture 
content from 3% to over 100% above regain they reported that vapor diffusion was 
the major mechanism of moisture transport between two layers of fabrics at low 
moisture levels for all fabrics and wicking did not begin until the moisture content 
was high, more than 30% above regain for the woven samples and knitted samples 
did not wick at all. In the case of 100% woven cotton fabric wicking does not begin 
until the moisture content is close to 110% above regain, while maximum fabric 
absorption capacity is close to 30% above regain for cotton.  
Long [5] investigating water transfer properties of two-layer weft knitted fabrics 
stated that the permeability rate is closely related to the porosity within the fabric 
while the transfer depends mainly upon the water absorption properties of the fibers 
on the two layers and degree of their difference and formed the models of moisture 
transfer models of two-layer fabrics (Figure 2.14). 
 
Figure 2.14: Moisture Transfer Models for Two-layer Fabrics [5] 
Long [5] concluded that the better the water absorption of the outer layer yarn and 
the poorer that of inner layer yarn, the more water can be transferred from the inner 
to the outer layer by capillary action and it can increase the water transfer to a certain 
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degree if the inner layer is made with hydrophobic filament and the stitch density is 
reduced properly, according to test results of  fabrics which have various fiber 
compositions; 100% cotton, cotton-polypropylene, cotton-polyester, cotton-
polyacrylonitril, wool-polyacrylonitril-polyamide-polypropylene and wool-
polyacrylonitril-polyamide-polyester. 
Zhuang and his colleagues [13] made a research on transfer wicking mechanisms of 
knitted fabrics used as undergarments for outdoor activities and mentioned that the 
external pressure applied on the fabric layers and the amount of the water initially 
held in the wet layer are the two main external factors that influence transfer wicking 
in knitted fabrics. Due to the influence of external pressure on the amount of liquid 
transferred they found an optimum value of pressure for maximum water transfer. 
The greatest liquid transfers occurred when wet and dry fabrics contact each other 
face to face. There is no liquid transfer if both layers contact back to face or back to 
back. The amount of liquid transferred is largely dependent on the performance of 
individual fabrics as well as the way in which the fabrics contact each other. Liquid 
is transferred wet layer to first layer in the clothing system once the liquid fills the 
fabric interstices. Provided the wet layer contains enough water, liquid transfer 
continues until the first layer of fabric is saturated. Finally they concluded that 
introducing fleece fabric can increase or decrease the amount of liquid transfer from 
the wet layer into clothing systems, depending on the interaction of both layers in the 
system.   
Hu and his colleagues [14] designed a method to characterize fabric liquid moisture 
management properties and tested eight sets of samples both objectively and 
subjectively. Objective measurements of their method and subjective perceptions of 
moisture sensations experienced during exercises are compared and results are 
correlated. Results reveal that the specimen having the fiber content of 92% nylon – 
8% spandex in plain knit fabric construction has the highest moisture management 
capacity among the fabrics of several fiber contents of polyester, cotton and nylon, 
all with spandex in plain and rib knit constructions.  
Harnett and Mehta [15] made a survey and comparison of laboratory test methods for 
measuring wicking. Methods are compared through application to a range of 
interlock knitted fabrics produced from acrylic, porous acrylic, cotton, polyester-
cotton, polyester-acrylic, polypropylene, wool, polyvinyl chloride and blends. 
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Observations on the wicking properties of various fiber types show that wicking is 
often not inherent to the fiber, but is in part due to surfactants, such as spin finishes 
which can be removed by washing. Strong wicking properties of porous acrylic and 
polypropylene are not inherent to the fiber material but to the modified surface 
energy. After washing and several rinses surfactants are removed from fiber surfaces 
and wicking is reduced to a very low level for all fiber types. 
2.1.3.4 Characterization Techniques for Wetting and Wicking Behavior of 
Fibrous Materials 
Wicking and wetting behaviors of fibrous materials, incorporating various related 
theories, have been developed to measure such important parameters as interfacial 
tension or surface energy, contact angle, liquid transport rate (either in volume or 
weight) or the liquid profile of fibrous materials [9].  
Observing a sessile drop via a telescope or microscope (Figure 2.15) is a common 
way of measuring the contact angle which is directly determined by a goniometer or 
by a computer system using the recorded image of the drop. Alternatively, contact 
angle can be measured at the edge of a bubble [9]. 
 
Figure 2.15: Sessile Drop and Bubble for Measuring Contact Angle [9] 
For small drops where hydrostatic forces are negligible the contact angle can be 
calculated from Equation 2.7 given below where h is the height of drop and, a is the 
contact radius [9]:  
a
h
=





2
tan
θ
                                                                                                             (2.7) 
Another way of measuring wettability characterics is to measure the interfacial 
adhesion tension of single filaments using the Wilhelmy method (Figure 2.16) which 
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uses a recording electro microbalance to obtain results by the movement of the 
mechanical platform, as shown below [9].  
 
Figure 2.16: Wilhelmy Method for Measuring Interfacial Tension Between Liquid 
and Fiber [9] 
Strip test, shown in Figure 2.17, is used to measure the height of rise in a given time 
which is a direct indication of the wicking ability. In this method of testing, a strip of 
fabric is suspended vertically with its lower edge in a reservoir of distilled water [2]. 
 
Figure 2.17: Longitudinal Wicking Test (Strip Test) [2] 
One test to measure transverse wicking is the plate test (Figure 2.18) which consists 
of a horizontal sintered glass plate kept moist by a water supply whose height can be 
adjusted so as to keep the water level precisely at the upper surface of the plate on 
top of which a fabric is placed as shown in the figure. A contact pressure is also used 
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to ensure the contact of the sample with sintered glass. Wicking power of the test 
fabric is determined by its rate of drawing water from the glass plate [2].  
 
Figure 2.18: The Plate Test [2] 
Apart form direct visualization test methods, which are strip test, plate test, spot test 
and siphon test, indirect measuring ways such as electrical capacity or resistance 
techniques might be used to evaluate wicking behavior of fibrous materials by which 
rise of liquid on the sample is determined as a function of time by means of the 
electrical circuit which incorporates the sample [9].    
Zhuang and his colleagues [13] used a method of fabric setting, shown in Figure 
2.19, in their experiments since there is no standard test method for measuring 
transfer wicking. In their test system, samples were mounted horizontally and 
vertically to conduct transfer wicking experiments. In the case of setting samples 
horizontally a dish, which is 74,5 mm in diameter, was placed on top of the layers to 
exert an external pressure. When the samples were set vertically, a common situation 
for clothes during wear, a system with a spring was used to exert pressure on fabrics 
but the spring compressing distance could be changing the pressure applied. 
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Figure 2.19: Method for Fabric Setting for Experiments on Transfer Wicking 
(Horizontally and Vertically) [13] 
Transfer wicking ratio can be calculated, using Equation 2.8, in any time t during 
wicking occurs where R is the transfer ratio for the wetting fabric, C0 and C are the 
initial water concentration at the beginning, at t=0, and the water concentration at any 
time t during transfer wicking occurs and Cr is the equilibrium concentration of the 
sample conditioned in laboratory environment. Additionally, transfer wicking ratio 
for the fabric which is wetted by the other can be described as (1-R) which will 
change between 0,5 and 0, in value, relatively where 1>R>0,5 [12]. 
r
r
CC
CC
−
−
=
0
  R
                                                                                                          (2.8) 
2.1.4 Drying 
Drying has a very unique effect on the evaluation of comfort of textile products. The 
easier the fabric dry the more quickly the sensation of dampness of clothing stops 
irritating the skin. The heat flow from the skin through the clothing can be 
considerably greater when the clothing is very wet, since the water decreases the 
clothing’s thermal insulation which causes chill that can be exceedingly 
uncomfortable and lead to dangerous hypothermia [16]. 
Drying process of textile materials can be summed up in three stages in the first of 
which a wet fabric adjusts its temperature and moisture flows with its surrounding 
environment. The second stage is a constant drying rate period as the rates of heat 
transfer and vaporization reach equilibrium. In the third stage due to insufficient 
moisture flow to the surface to maintain saturation, the plane of evaporation moves 
into the fabric [1].  
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Coplan [17], after studying on moisture relations of wool and several synthetic fibers 
and blends, reported that the actual amount of water retained by a fabric after 
wetting-out is functional with actual total void volume, hydrostatic capillary effects, 
and methods of mechanical extraction and length of time to dry depends principally 
upon the amount of initial liquid water retained by a fabric per unit are for 
evaporation. He also added that any water that actually absorbed in the fibers must be 
retained as liquid water within the voids of the fabric structure and these free 
volumes are considerably greater than the volume of fibers which provide the space 
matrix of the fabrics. He further stated that in a study of water content of a water-
fiber system, when large fractions of total moisture are present as liquid, the 
available void volume of the fabric should be logically taken into account and 
similarly the available surface in the analysis of evaporation rates, in other words the 
speed of drying is directly related to the volume of water retained in a fabric and the 
area for evaporation of this water.   
Crow and Osczevski [16] examined the interaction between water and a range of 
fabrics which contains knitted and woven fabrics in cotton, polyester, wool, acrylic, 
nylon, cotton-polyester, polypropylene and polyurethane-nylon fiber compositions 
and found that properties relevant to clothing on an exercising person, such as drying 
time and energy required to evaporate water from under and through a dry fabric or 
dry a wet fabric, depend on the amount of water fabric picks up and do not depend 
on fiber type similar to Coplan. Additionally, the energy drawn from the skin of the 
hot plate to dry the sample was also linearly related to initial amount of water in the 
fabric. Furthermore they mentioned that equivalent amounts of water in fabric 
samples evaporated more quickly than the same amount of water which evaporated 
from a Petri dish, as a result of their conclusion that in a fabric the water is spread out 
through the yarns and so has a much lager surface area from which it can evaporate. 
2.1.5 Moisture Regain 
The amount of moisture in a fiber sample can be expressed as either regain or 
moisture content. Moisture regain can be defined as the mass of moisture present in 
the material, determined at a standard atmosphere, 20 ºC and 65% RH, which can be 
calculated by using following formula (Equation 2.9) where M0 and M are 
conditioned mass and the mass of specimen after oven drying, respectively. In 
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addition, as a percentage of the total weight, moisture content can be calculated as 
follows (Equation 2.10) [2]: 
100  %Regain 0 ⋅−=
M
MM
                                                                                     
(2.9) 
100 %Content  Moisture
0
0
⋅
−
=
M
MM
                                                                   
(2.10) 
2.1.6 Moisture Absorption 
There are two aspects of absorption of water, the first of which is the total amount 
that can be absorbed regardless of time and the second is the speed of uptake of the 
water. The total amounts of water that are taken up by different fabrics of the same 
fabric construction do not have to be the same while the total amount of water taken 
up may be the same where fabrics have different rates of uptake [2].  
The percentage moisture absorption can be calculated by using below formula 
(Equation 2.11): 
100
mass Original
absorbed water of Mass
 % absorption Moisture ⋅=
                                      
(2.11) 
Hygroscopic fibers such as cotton, wool, silk and nylon have active groups that can 
chemically absorb moisture vapor from the air while non-hygroscopic fibers such as 
polypropylene and polyester have low moisture regain as they have few or no 
bonding sites and do not absorb moisture vapor molecules from the air [3].  
Li and Luo have investigated the dynamic moisture diffusion into hygroscopic 
fabrics made from different fibers. Water vapor uptake of the fabrics during sorption 
from 0% RH to 99% RH, in a single step is shown in Figure 2.20. Wool fabric had 
significantly greater water vapor sorption than the other fabrics. Differences in water 
vapor uptake between fabrics increased with sorption time and were in the order of 
their respective levels of hygroscopicity. The results reveal that hygroscopic and 
weakly hygroscopic fibers are mostly different in their dynamic moisture transfer 
behaviors during environmental transients. Highly hygroscopic fabrics such as wool 
and cotton show greater mass and energy exchange with the environment than the 
weakly hygroscopic fabrics such as porous acrylic and polypropylene [1]. 
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Figure 2.20: Moisture Uptake of Fabrics Made from Various Fibers During 
Humidity Transients [1] 
Crow and Osczevski [16], examining the interaction between water and a range of 
fabrics, found that fabrics of all fiber types pick up water with a strong correlation 
between a fabric’s thickness and the amount of water it picks up freely expressed in 
absolute terms rather than percent of its mass. They also added that the amount of 
water wicked from one layer to another depends on the pore size and their 
corresponding volumes. 
Having investigated the literature on comfort studies, it is obvious that woven and 
knitted fabrics of different fibers were tested for some of their comfort properties. 
Totally, there are limited number of studies on knitted fabrics and a few studies on 
cotton and acrylic fibers. Therefore, the goal of this study is determined as to fill the 
gap on literature about comfort properties of cotton-acrylic knitted fabrics. 
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3. EXPERIMENTAL STUDY 
3.1. Material  
For the experimental study carried out fabric samples were formed to have four 
different fiber compositions, which are 100% acrylic, 50/50% cotton/acrylic, 85/15% 
cotton/acrylic and 100% cotton; at two different yarn counts and at two different 
stitch lengths, therefore two different fabric tightness values. While investigating the 
water interaction with cotton-acrylic blended fabrics 100% cotton and 100% acrylic 
fabrics are used as statistical control groups. Ne20 and Ne30 are the yarn counts 
chosen to be used for each fiber composition and for each fiber composition and yarn 
count combination one tight fabric and one slack fabric were knitted. For Ne30 yarns 
fabrics were knitted at course lengths of 15,5 cm and 13,5 cm per 50 needles and 
16,5 cm and 12,5 cm course lengths per 50 needles are used when knitting fabrics of 
Ne20 yarns, both of which provided the option of tight and slack knitted fabrics. Two 
Mayer & Cie. Relanit 1.2 circular knitting machines were used to knit the fabrics, 
both of which are 30 inches in diameter and have 96 feeders and the one used to knit 
with Ne30 yarns have 28 needles per inch and the one used to knit with Ne20 yarns 
have 22 needles per inch. The details regarding the yarns that used to knit the fabrics 
mentioned are given in Table 3.1. 
The fabric samples knitted for the experimental study by circular knitting machines 
are in single jersey fabric construction of Ne20 and Ne30 rotor spun yarns. The 
single jersey fabric construction is shown below (Figure 3.1). 
 
Figure 3.1: Single Jersey Fabric Construction 
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Table 3.1: Properties of The Yarns Used to Knit Fabric Samples 
    Yarn Type 
 
Yarn 
Property 
100% 
Acrylic
Ne20/1 
85/15% 
Cotton/
Acrylic
Ne20/1 
50/50% 
Cotton/
Acrylic 
Ne20/1 
100%   
Cotton 
Ne20/1 
100% 
Acrylic 
Ne30/1 
85/15% 
Cotton/
Acrylic
Ne30/1 
50/50% 
Cotton/
Acrylic
Ne30/1 
100% 
Cotton 
Ne30/1 
Yarn Count 
(Ne) 
19,244 19,274 19,459 19,744 29,021 29,39 29,231 29,419 
Yarn Count 
CV (%) 
0,59 0,5 0,63 1,3 0,55 0,72 1,04 0,75 
(αe) Twist 
Coefficient 
3,5 3,58 3,58 3,73 3,61 3,77 3,61 3,7 
Twist CV 
(%) 10,75 13,93 12,16 13,81 13,04 15,15 13,93 16,48 
Thin  (-50%) 
Places (/km) 0,5 3 1 7 7,5 50 21 138 
Thick 
(+50%) 
Places (/km) 
9 65 14,5 53,5 12 84 41,5 194,5 
Neps 
(+200%) 9,5 126,5 18 59 8,5 633,5 199,5 885,5 
Hairiness 
(H) 7,1 5,83 5,91 4,85 6,65 5,71 5,9 5,16 
Strength 
(Rkm) 
15,66 11,51 9,51 11,91 15,11 9,44 9,03 10,58 
Strength 
CV (%) 
7,74 7,37 5,75 6,34 6,52 10,18 6,38 8,51 
Elongation 
(%) 
21,09 6,85 6,81 5,93 20,23 5,03 6,58 5,46 
Elongation 
CV (%) 6,18 7,2 15,45 7,4 6,88 8,25 18,36 7,01 
All greige fabrics were dyed and finished after knitting except the greige fabrics 
which were reserved to test their physical performance. Blends and 100% acrylic and 
100% cotton fabrics were bleached together and immediately afterwards 100% 
cotton fabrics were taken out of high temperature dyeing machine and the process 
suitable for acrylic dyeing was applied to the fabrics.  After that 100% acrylic fibers 
are replaced with 100% cotton fabrics and cotton dyeing procedure was applied. At 
the end softening agents applied to all fabrics together and they were all rinsed. After 
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dyeing processes were completed all fabrics were squeezed and dried without giving 
a tension and then sanforized. 
After having prepared the fabric samples for all tests and measurements all types of 
fabrics were needed to be coded specifically to have a systematic analyze of the 
outputs. So Table 3.2 has been formed to code the samples.  
Table 3.2: Coding of Samples 
          Categorial Variables 
 
Fabric Code                            
Fiber Composition Yarn 
Count 
Initial 
Tightness 
1A 100% Acrylic Ne20 Slack 
1B 100% Acrylic Ne20 Tight 
2A 85/15% Cotton/Acrylic Ne20 Slack 
2B 85/15% Cotton/Acrylic Ne20 Tight 
3A 50/50% Cotton/Acrylic Ne20 Slack 
3B 50/50% Cotton/Acrylic Ne20 Tight 
4A 100% Cotton Ne20 Slack 
4B 100% Cotton Ne20 Tight 
5A 100% Acrylic Ne30 Slack 
5B 100% Acrylic Ne30 Tight 
6A 85/15% Cotton/Acrylic Ne30 Slack 
6B 85/15% Cotton/Acrylic Ne30 Tight 
7A 50/50% Cotton/Acrylic Ne30 Slack 
7B 50/50% Cotton/Acrylic Ne30 Tight 
8A 100% Cotton Ne30 Slack 
8B 100% Cotton Ne30 Tight 
After having formed the fabric coding table it is necessary to state that another 
categorical variable was defined apart from the ones shown in the table which is 
washing and due to the changes in the fabric parameters such as stitch length caused 
by washing the variable tightness was especially stated as initial tightness on the 
table.   
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3.1.1 Cotton 
Cotton is a vegetable originated natural fiber. As a cellulosic fiber, cotton has been 
widely used for centuries due to its suitable properties for textile production and 
abilities such as high moisture absorption. Longitudinal and cross-sectional view of 
cotton fibers are shown below (Figure 3.2) and general physical characteristics of 
cotton fibers are listed below in Table 3.3. 
 
Figure 3.2: Longitudinal and Cross-sectional View of Cotton Fibers [18] 
Table 3.3: Physical Characteristics of Cotton Fibers [18] 
Tenacity Elongation at Break Fiber 
Fineness 
(dtex) 
Length 
(mm) Dry 
(cN/dtex) 
Wet 
 (% Dry) 
Breaking 
Strength 
(daN/mm2) Dry (%) 
Wet  
(% Dry) 
Density 
(g/cm3) 
1-4 10-60 25-50 100-110 35-70 6-10 100-110 1,5-1,54 
3.1.2 Acrylic 
Acrylic is a synthetic polymer originated man-made fiber. As a distinguishing 
attribute, a fiber composed of linear macromolecules having in the chain at least 85% 
by mass of acrylonitrile repeating units are defined as acrylic fiber. Acrylic fiber is 
produced using the polymerization process. The two spinning processes employed 
are dry spinning and wet spinning. Due to its unique range of useful properties it 
offers potential in specialized applications that have high value. The acrylic fiber’s 
resistance to degradation from sunlight and environment has not yet been fully 
exploited. The fiber’s ability to transport moisture without excessively absorbing it is 
now being promoted for its use in athletic textile products. The chemical formula of 
polyacrylonitrile (Figure 3.3) and the general chemical formula of acrylic 
copolymers (Figure 3.4) are shown in the following figures. [19,20] 
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Figure 3.3: Chemical Formula of Polyacrylonitrile [19] 
 
Figure 3.4: General Chemical Formula of Acrylic Copolymers [19] 
General physical characteristics of polyacrilonitrile fibers are given below in Table 
3.4. 
Table 3.4: Physical Characteristics of Polyacrilonitrile Fibers [18] 
Tenacity Elongation at Break Fiber 
Fineness 
(dtex) 
Length 
(mm) Dry 
(cN/dtex) 
Wet 
 (% Dry) 
Dry 
(%) 
Wet 
 (% Dry) 
Density 
(g/cm3) 
0,6-25 38-200 20-35 80-95 25-50 80-95 1,14-1,18 
3.2 Method 
After fabric samples had been produced, they were conditioned under the standard 
atmospheric conditions for, at least, two days. Greige fabrics were tested for their 
physical performance before and after five laundering cycles (washing). Dyed fabrics 
were also tested for their physical performance before and after washing and tested 
for their comfort properties before and after washing as well.  
TS 5720 was used for washing procedures and 5A option was applied. Fabrics were 
washed at a total load weight of 3 kg at 40 ºC with an extraction drum speed of 500 
rpm which is followed by line dry. 
As mentioned above the experimental study can be categorized in two main parts 
which are testing comfort properties incorporating water vapor permeability, 
longitudinal and transfer wicking and drying speed; and physical performance which 
consists of  bursting strength, weight loss due to abrasion, resistance to pilling, 
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moisture regain and dimensional stability. In addition to these tests, fabric weight, 
fabric thickness, stitch density and stitch length values have been measured for each 
state stated above, greige fabric unwashed, greige fabric after five washes, dyed 
fabric unwashed and dyed fabric after five washes. 
From the results gathered from the tests and measurements have been done statistical 
analyzes were performed. The data obtained were evaluated using univariate 
ANOVA, correlation analysis and post hoc test. For this purpose, SPSS 13 software 
package was employed.  
The following properties were tested in accordance with relevant standards. 
3.2.1 Comfort Properties 
3.2.1.1 Water Vapor Transmission Test 
Water vapor permeability properties of fabrics were measured using test method 
based on the ASTM E96-00 [4]. Water vapor transmission test model used is shown 
below in Figure 3.5. 
 
Figure 3.5: Water Vapor Transmission Test Model 
3.2.1.2 Transfer Wicking Test 
Since there is not any testing standard related with transfer wicking testing, 
measurement of transfer wicking is based on the test method used by Zhuang and his 
friends [13]. The samples were mounted horizontally to conduct transfer wicking 
experiments. A 74,5 mm diameter plate was placed on top of the layers and external 
pressure which was 15,6 kg/m2 was exerted. A pressure of 15,6 kg/m2 was used since 
it was the adequate pressure value to start transfer wicking. Fabric samples were cut 
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into circles which are 74,5 mm in diameter and both of which were the same size as 
the plate placed on the fabrics. The fabric layers are positioned so as to match the 
face of wet fabric with the back of the dry one. The amount of water initially held in 
the wet fabric was controlled by completely soaking the sample in distilled water and 
then removing the excess water with a paper towel. The wet fabric was weighted 
periodically. As soon as the dry layer fabric, which was the same fabric as the wet 
layer, was placed on the top of wet layer, liquid transfer was continuously allowed 
for a certain period of time, then the amount of liquid transfer was measured by 
weighing the dry fabric layer at 5, 10, 15, 20, 25 and 30 minutes. 
3.2.1.3 Measurement of Longitudinal Wicking 
DIN 53924 Standard [21] was applied for longitudinal wicking measurement and the 
test was applied 3 times per each sample type. 
3.2.1.4 Measurement of Drying Speed 
This test is based on the research of Coplan [17]; according to the procedure each 
specimen was soaked in distilled water for 0,5 hour. At the time no air bubbles were 
produced upon squeezing under water, the samples were considered wet-out. Wet-
out samples were suspended vertically for 15 seconds and then laid flat on a double 
thickness of dry paper towel for 2 minutes on each side. Weighing was made 
immediately following the 15 seconds vertical suspension. Weightings were made at 
0,5 hour and 1 hour intervals as drying progress. When the measurement value is 
105% of the weight before getting wet, the measurement was stopped. Drying rates, 
expressed as the weight loss per unit hour and the percent volume difference of the 
initial total liquid water volume per unit hour. 
3.2.2 Physical and Dimensional Properties 
3.2.2.1 Fabric Weight 
TS 251 was used to measure fabric weight. 
3.2.2.2 Dimensional Stability 
This test was done in accordance with TS 4073 EN ISO 3759 Standard [22]. The 
samples were dried according to BS4923 standard. Measurements were taken from 
  
33 
 
 
different parts of fabrics in widthwise and lengthwise directions. Percentage 
dimensional change was calculated using below formula (Equation 3.1) where D1 
and D2 were the measurements before and after washing.  
100)(%
1
21
⋅
−
=
D
DDS                                                                                               (3.1) 
3.2.2.3 Fabric Thickness 
5 measurements were taken from different parts of the fabrics and the test was 
conducted according to BS 2544 and then average values were obtained. 
3.2.2.4 Bursting Strength 
TS 393 EN ISO 13938-1 [23] standard was used for bursting strength testing. 
3.2.2.5 Abrasion Resistance 
TS EN ISO 12947-2 [24] test method was used and weight loss caused by abrasion 
under 9 kPa pressure of 20000 revolutions was reported. 
3.2.2.6 Pilling Test 
Pilling tendency of fabrics were tested both based on TS EN ISO 12945-1 [25], using 
ICI pilling boxes, and TS EN ISO 12945-2 [26], using Martindale pilling tester. In 
ICI pilling box method both pilling results after 9000 and 11000 revolutions were 
obtained.  
3.2.2.7 Moisture Regain Test 
It was based on ASTM D2654 [27] standard. 
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4. RESULTS AND DISCUSSIONS 
Since the experimental study carried out was logically divided into two parts, before 
washing and after five consecutive washes, at which situations the physical 
properties of the fabrics tested were different, it is better to have here the tables 
summarizing fabric physical properties at the two stages. Physical properties of dyed 
fabrics before washing are given in Table 4.1 and physical properties of dyed fabrics 
after five washes are given in Table 4.2.  
Table 4.1: Physical Properties of Dyed Fabrics Before Washing 
   Fabric Property 
Fabric Code 
Fabric 
Weight 
(g/m2) 
Fabric 
Thickness 
(mm) 
Fabric 
Bulk 
Density 
(g/cm3) 
Stitch 
Density 
(1/cm2) 
Stitch 
Length 
(mm/stitch) 
1A 181,2 0,57 0,318 195 3,566 
1B 218,4 0,57 0,383 234 3,091 
2A 186,7 0,66 0,283 207 3,466 
2B 204,7 0,62 0,330 245 3,133 
3A 191,3 0,63 0,304 192 3,675 
3B 210,5 0,64 0,329 241 3,208 
4A 182,6 0,63 0,290 204 3,591 
4B 199,4 0,64 0,312 241 3,216 
5A 127,1 0,46 0,276 210 3,233 
5B 158 0,49 0,322 317 2,666 
6A 138,9 0,57 0,244 221 3,05 
6B 165,4 0,56 0,295 334 2,708 
7A 135,7 0,52 0,261 252,5 3,15 
7B 160,5 0,56 0,287 355 2,716 
8A 134,2 0,52 0,258 241,5 3,216 
8B 164,3 0,58 0,283 330 2,683 
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Table 4.2: Physical Properties of Dyed Fabrics After Five Washes 
  Fabric Property 
Fabric Code 
Fabric 
Weight 
(g/m2) 
Fabric 
Thickness 
(mm) 
Fabric 
Bulk 
Density 
(g/cm3) 
Stitch 
Density 
(1/cm2) 
Stitch 
Length 
(mm/stitch) 
1A 119,9 0,49 0,245 197,83 3,22 
1B 179,6 0,6 0,299 176,33 3,55 
2A 219,7 0,66 0,333 239,33 3,26 
2B 138,95 0,59 0,236 235,5 3,25 
3A 192,55 0,67 0,287 190,5 3,7 
3B 190,55 0,66 0,289 192,67 3,75 
4A 140,35 0,6 0,234 246 3,14 
4B 196,4 0,69 0,285 202,17 3,46 
5A 153,75 0,51 0,301 302,83 2,76 
5B 119,7 0,49 0,244 193,33 3,24 
6A 172,05 0,62 0,278 330 2,76 
6B 140,2 0,6 0,234 232,5 3,29 
7A 133,4 0,56 0,238 221 3,19 
7B 165,35 0,6 0,276 310,5 2,8 
8A 140,8 0,59 0,239 240 3,26 
8B 140,1 0,61 0,230 237 3,32 
4.1 Results of Comfort Properties 
4.1.1 Results of Water Vapor Transmission Test 
Results of testing water vapor transmission through fabrics for a 24 hours time period 
before and after five washes are listed in the Table 4.3. In order to compare the water 
vapor permeability characteristics of all fabric types studied. Figure 4.1, showing 
water vapor transmission rates before and after washing, is formed. 
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Table 4.3: Water Vapor Transmission Rates Before and After Washing 
 
 
Results reveal that fully relaxed 85/15 cotton/acrylic initially slack fabric knitted 
from Ne20 yarns is the fabric which lets water vapor transmission at the highest rate 
and dry relaxed 100% acrylic slack fabric knitted form Ne30 yarns resist water vapor 
transmission most among all fabrics tested.  
 
Fabric Code 
WVTR 
Before 
Washing 
(g/m2.24h) 
WVTR 
After 
Washing 
(g/m2.24h) 
1A 520,4789 517,7388 
1B 506,5781 500,0286 
2A 488,4001 648,995 
2B 497,6896 534,3797 
3A 514,9987 537,3203 
3B 512,9938 509,7191 
4A 481,3495 516,4022 
4B 512,7933 536,3846 
5A 479,1774 535,6495 
5B 508,2488 513,5285 
6A 509,9196 572,3397 
6B 522,0828 540,7955 
7A 525,2907 543,0677 
7B 550,4191 519,9442 
8A 508,7835 589,5152 
8B 556,5007 540,996 
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Figure 4.1: Water Vapor Transmission Rates 
Analysis of data obtained from water vapor transmission tests, using univariate 
analysis of variance method at 95 % confidence interval, indicates that washing and 
tightness are the statistically significant main factors affecting water vapor 
transmission behavior of the fabrics where the other categorical variables fiber 
composition and yarn count do not have a significant effect on that behavior. In 
addition, the pairs of “fiber composition and yarn count”, “fiber composition and 
tightness”, “yarn count and tightness”, “fiber composition and washing”, “yarn count 
and washing”, and “tightness and washing” have statistically significant interaction 
effects. It is shown in Figure 4.2 that the categorical variable washing causes an 
increase on water vapor transmission rates on all fiber compositions clustered in the 
figure.  
Post hoc tests carried out with water vapor transmission test results at 95% 
confidence interval suggests that the fiber composition does not have a statistically 
significant effect on water vapor permeability of fabrics examined. Post hoc test 
could not find any statistically significant mean differences between fabric groups of 
different fiber compositions. So, the results obtained support the conclusion of Long 
[5] which states that fiber nature has no effect on water vapor transmission rates. 
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Figure 4.2: Washing Effect on Water Vapor Transmission Rates (g/m2.24h)  
Even though the initial tightness of the fabrics coded with “B” were higher than the 
tightness of the fabrics coded with “A” before washing, washing caused to change 
the stitch lengths of fabrics inversely, which can be easily seen on Table 4.1 and 
Table 4.2, almost for all fiber composition and yarn count combinations. 
Dimensional changes on yarns caused a change in tightness, the categories of initial 
tightness tight and slack exchanged their places after washing which will also be 
discussed later on results of dimensional stability tests. Surprisingly enough, after 
washing low initial tightness values cause high water vapor transmission rates as 
shown in Figure 4.3. Although this kind of a tightness effect on water vapor 
transmission test results was obtained, it could not be exactly explained. Even though 
the results are away from expectations, this could be as a result of fine and smooth 
capillary action of comparatively tight fabrics in longitudinal direction. In general, 
fabrics have cotton yarn in composition and comparatively tight fabrics studied are 
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expected to absorb moisture more during transient state water vapor transmission 
phase which is another possible effect that may help to explain these results.  
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Figure 4.3: Initial Tightness Effect on Water Vapor Transmission Rates (g/m2.24h) 
After Washing 
Bivariate correlation analyzes done in order to explore the possible relationships 
between continuous variables show that there is a positive correlation between water 
vapor transmission rates and longitudinal wicking velocities at 99% confidence 
interval and there is also a positive correlation between transfer wicking ratios and 
water vapor transmission rates at 95% confidence interval both of which can be signs 
of similar characteristics of comfort related properties.   
4.1.2 Results of Transfer Wicking Tests 
Transfer wicking ratios were calculated for both wet fabrics, R, and for dry fabrics, 
1-R, using the water concentrations of the fabric samples measured during the test 
period. Due to having the concentrations on certain time intervals every single graph 
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of all fabric samples demonstrating the average transfer wicking propensities of them 
could be formed. Transfer wicking ratios obtained from before washing transfer 
wicking tests are listed below in Table 4.4 showing the ratios for every 5 minutes 
interval. 
Table 4.4: Transfer Wicking Ratios for Wet Fabrics Before Washing 
R - BW 
Fabric Code 
0 5 min 10 min 15 min 20 min 25s 30s 
1A 1 0,89 0,829 0,772 0,745 0,715 0,692 
1B 1 0,91 0,886 0,859 0,83 0,806 0,787 
2A 1 0,795 0,77 0,739 0,722 0,703 0,688 
2B 1 0,765 0,743 0,724 0,704 0,695 0,68 
3A 1 0,88 0,839 0,81 0,769 0,757 0,738 
3B 1 0,872 0,845 0,827 0,809 0,792 0,773 
4A 1 0,917 0,888 0,863 0,841 0,83 0,814 
4B 1 0,918 0,891 0,871 0,85 0,832 0,815 
5A 1 0,881 0,819 0,776 0,739 0,712 0,685 
5B 1 0,963 0,932 0,906 0,884 0,856 0,838 
6A 1 0,934 0,906 0,892 0,87 0,859 0,839 
6B 1 0,937 0,91 0,886 0,867 0,845 0,828 
7A 1 0,951 0,923 0,903 0,88 0,86 0,839 
7B 1 0,931 0,901 0,876 0,853 0,832 0,81 
8A 1 0,931 0,898 0,874 0,851 0,829 0,809 
8B 1 0,93 0,902 0,881 0,858 0,834 0,815 
From Table 4.4 the corresponding table for dry fabrics (Table 4.5) was formed.  
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Table 4.5: Transfer Wicking Ratios for Dry Fabrics Before Washing 
(1-R) - BW 
Fabric Code 
0 5 min 10 min 15 min 20 min 25 min 30 min 
1A 0 0,11 0,171 0,228 0,255 0,285 0,308 
1B 0 0,09 0,114 0,141 0,17 0,194 0,213 
2A 0 0,205 0,23 0,261 0,278 0,297 0,312 
2B 0 0,235 0,257 0,276 0,296 0,305 0,32 
3A 0 0,12 0,161 0,19 0,231 0,243 0,262 
3B 0 0,128 0,155 0,173 0,191 0,208 0,227 
4A 0 0,083 0,112 0,137 0,159 0,17 0,186 
4B 0 0,082 0,109 0,129 0,15 0,168 0,185 
5A 0 0,119 0,181 0,224 0,261 0,288 0,315 
5B 0 0,037 0,068 0,094 0,116 0,144 0,162 
6A 0 0,066 0,094 0,108 0,13 0,141 0,161 
6B 0 0,063 0,09 0,114 0,133 0,155 0,172 
7A 0 0,049 0,077 0,097 0,12 0,14 0,161 
7B 0 0,069 0,099 0,124 0,147 0,168 0,19 
8A 0 0,069 0,102 0,126 0,149 0,171 0,191 
8B 0 0,07 0,098 0,119 0,142 0,166 0,185 
From the results of transfer wicking tests of dry relaxed fabrics it can be seen that 
after 30 minutes time period 100% acrylic slack fabrics of Ne30 yarns show the 
highest transfer wicking ability where 85/15 cotton/acrylic slack fabrics of Ne30 
yarns and 50/50 cotton/acrylic slack fabrics of Ne30 yarns have the lowest transfer 
wicking ratios among the fabrics tested. The data above was used to plot the figures 
of transfer wicking abilities of both wet fabrics (Figure 4.4) and dry fabrics (Figure 
4.5). 
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Figure 4.4: Transfer Wicking Before Washing for Wet Fabrics 
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Figure 4.5: Transfer Wicking Before Washing for Dry Fabrics 
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Transfer wicking ratios obtained from after washing transfer wicking tests are listed 
below in Table 4.6 showing the ratios for every 5 minutes interval similar to before 
washing. 
Table 4.6: Transfer Wicking Ratios for Wet Fabrics After Washing 
R - A5Ws 
Fabric Code 
0 5 min 10 min 15 min 20 min 25 min 30 min 
1A 1 0,605 0,554 0,528 0,507 0,493 0,479 
1B 1 0,76 0,698 0,656 0,628 0,604 0,584 
2A 1 0,705 0,681 0,662 0,641 0,629 0,617 
2B 1 0,852 0,813 0,772 0,752 0,728 0,669 
3A 1 0,693 0,664 0,642 0,623 0,608 0,595 
3B 1 0,702 0,668 0,638 0,618 0,602 0,589 
4A 1 0,699 0,651 0,624 0,601 0,581 0,561 
4B 1 0,74 0,707 0,681 0,655 0,632 0,617 
5A 1 0,844 0,792 0,76 0,735 0,702 0,68 
5B 1 0,85 0,783 0,73 0,691 0,66 0,635 
6A 1 0,826 0,788 0,76 0,733 0,714 0,698 
6B 1 0,806 0,764 0,734 0,707 0,684 0,663 
7A 1 0,73 0,684 0,653 0,627 0,606 0,59 
7B 1 0,808 0,772 0,747 0,724 0,707 0,691 
8A 1 0,736 0,691 0,656 0,629 0,606 0,586 
8B 1 0,73 0,69 0,664 0,638 0,618 0,597 
From Table 4.6 the corresponding table for dry fabrics (Table 4.7) was formed 
similar to before washing.  
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Table 4.7: Transfer Wicking Ratios for Dry Fabrics After Washing 
(1-R) - A5Ws 
Fabric Code 
0  5 min 10 min 15 min 20 min 25 min 30 min 
1A 0 0,395 0,446 0,472 0,493 0,507 0,521 
1B 0 0,24 0,302 0,344 0,372 0,396 0,416 
2A 0 0,295 0,319 0,338 0,359 0,371 0,383 
2B 0 0,148 0,187 0,228 0,248 0,272 0,331 
3A 0 0,307 0,336 0,358 0,377 0,392 0,405 
3B 0 0,298 0,332 0,362 0,382 0,398 0,411 
4A 0 0,301 0,349 0,376 0,399 0,419 0,439 
4B 0 0,26 0,293 0,319 0,345 0,368 0,383 
5A 0 0,156 0,208 0,24 0,265 0,298 0,32 
5B 0 0,15 0,217 0,27 0,309 0,34 0,365 
6A 0 0,174 0,212 0,24 0,267 0,286 0,302 
6B 0 0,194 0,236 0,266 0,293 0,316 0,337 
7A 0 0,27 0,316 0,347 0,373 0,394 0,41 
7B 0 0,192 0,228 0,253 0,276 0,293 0,309 
8A 0 0,264 0,309 0,344 0,371 0,394 0,414 
8B 0 0,27 0,31 0,336 0,362 0,382 0,403 
Transfer wicking test results of fully relaxed fabrics reveal that 100% acrylic initially 
slack fabrics of Ne20 yarns have the highest transfer wicking ratio while 85/15 
cotton/acrylic initially slack fabrics of Ne30 yarns showed the lowest propensity to 
transfer wicking similar to their transfer wicking abilities before washing among all 
fabrics studied. 100% acrylic initially slack fabrics of Ne20 yarns performed a 
maximum transfer wicking ability which has the transfer wicking ratio of 0,521 as 
seen on Table 4.7. Although transfer wicking ratio is supposed to be 0,5 at most, the 
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wicking ratio of  100% acrylic initially slack fabrics of Ne20 yarns, which has been 
occurred just once among 32 sets of experiments, can be explained by the interaction 
of tested fabric specimen with the testing plates and air during the test period. Data 
obtained from tests was used to plot the figures both for wet fabrics (Figure 4.6) and 
dry fabrics (Figure 4.7) separately demonstrating transfer wicking behaviors of 
fabrics tested after washing. 
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Figure 4.6: Transfer Wicking After Washing for Wet Fabrics 
Comparing the transfer wicking ratios of dry relaxed and fully relaxed fabrics, it 
appears that washing, in general, make the wicking rates improve. Even though all 
fabric types investigated have similar transfer wicking ratio curves they have 
different wicking ratios for the end of certain time periods which reflect the 
difference between their transfer wicking behaviors. 
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Figure 4.7: Transfer Wicking After Washing for Dry Fabrics  
Univariate analysis of variance results make clear that all four categorical variables, 
fiber composition, yarn count, initial tightness and washing are statistically 
significant on transfer wicking at 95% confidence interval. Pairs of “fiber 
composition and yarn count”, “fiber composition and tightness” and “fiber 
composition and washing” have statistically significant interaction effects on transfer 
wicking ratios, as well. Furthermore, “fiber composition, yarn count and washing” 
and “fiber composition, tightness and washing” have significant triple interaction 
effects on this behavior. Figure 4.8 indicates that washing has a positive influence on 
transfer wicking abilities of all fiber compositions. 
Post hoc tests applied to the results, at 95% confidence interval, revealed the fiber 
composition effect of fabrics tested on transfer wicking. According to post hoc test 
results 100% acrylic fabric samples significantly differ form the other groups which 
are 100% cotton and cotton-acrylic blends, in transfer wicking.  
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Figure 4.8: Washing Effect on Transfer Wicking 
In Figure 4.8, it is obvious that washing has doubled the wicking ability of 100% 
cotton group of fabrics. As stated before, agreeing with the results of previous 
researches [8], wicking rates of cotton increases after consecutive launderings. 
Another important categorical variable affecting transfer wicking is the yarn count. 
Figure 4.9 introduces that coarser yarns lead to a better wicking ability for the fabrics 
tested except 100% cotton group of fabrics where the mean transfer wicking ratios 
are equal both for the cases of Ne20 and Ne30 yarns. In other words, before and after 
washing mean transfer wicking ratios of dry fabrics of Ne20 yarns are higher than 
transfer wicking ratios of dry fabrics of Ne30 yarns. Previously made researches [8] 
concluded that coarser yarns show faster wicking than finer yarns which is reflected 
in wicking behavior of fabrics of coarser and finer yarns as seen on the transfer 
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Figure 4.9: Yarn Count Effect on Transfer Wicking 
Table 4.8: Correlations with Transfer Wicking Ratios 
Continuous Variables 
Fabric 
Thickness 
(mm) 
Fabric 
Bulk 
Density 
(g/cm3) 
Stitch 
Density 
(1/cm2) 
Stitch 
length 
(mm) 
Pearson 
Correlation 0,155 -0,292 -0,456 0,410 Transfer 
Wicking (1-R) 
Sig.(2-tailed) 0,132 0,004 0,000 0,000 
According to the results of bivariate correlation analysis made to explore the possible 
relationships between continuous variables shown above on Table 4.8, there is no 
correlation between fabric thickness and transfer wicking rates for the fabrics 
studied, but there is a negative correlation between fabric bulk density and transfer 
wicking ratios at 99% confidence interval. Fabrics studied had low fabric thickness 
values and thickness values of fabrics, compared paths of capillary rise through 
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fabric thickness, did not differ between fabrics much. That might be the reason 
resulting in no correlation between fabric thickness and transfer wicking. Again at 
99% confidence interval transfer wicking have a statistically significant negative 
correlation with stitch density and a statistically significant positive correlation with 
stitch length which means transfer wicking ability of fabrics increase with decreasing 
stitch density and increasing stitch length, in other words decreasing fabric tightness. 
This can be explained as mentioning that less tight fabric structures let liquid 
penetration more due to their more open capillaries through their thickness. Although 
correlation analysis results reveal that transfer wicking rates increases with 
decreasing fabric bulk density, as stated above, it could have been the low fabric 
thicknesses caused no correlations between fabric thickness and transfer wicking, 
and comparatively high values of fabric thickness may result in a correlation. 
Moreover, in addition to between water vapor transmission rates and transfer 
wicking ratios mentioned before, there is also a positive correlation between transfer 
wicking ratios and longitudinal wicking velocities. 
4.1.3 Results of Longitudinal Wicking Tests 
Longitudinal wicking tests carried out supplied the information of liquid rise on the 
fabrics in lengthwise direction in a short period of time. Longitudinal wicking test 
results of dry relaxed and fully relaxed fabrics, showing the longitudinal wicking 
heights at the end of the five minutes period and the average wicking velocities, are 
given below in Table 4.9. From the table it can be seen that dry relaxed 50/50 cotton 
acrylic tight fabrics of Ne20 yarns reach the maximum wicking height among the 
fabrics tested and all 100% cotton group of dry relaxed fabrics have low wicking 
velocities comparing with the rest and 100% cotton slack fabrics of Ne30 yarns have 
the lowest liquid rise at the end of testing time among all dry relaxed fabrics. 
Longitudinal wicking abilities of fully relaxed fabrics differed from their initial 
wicking behaviors. 100% cotton initially tight fully relaxed fabrics of Ne30 yarns 
and 100% acrylic initially slack fully relaxed fabrics of Ne30 yarns performed the 
two longest water rises. As the data obtained monitoring the total water rises on 
fabrics, the liquid rises at the end of certain time intervals longitudinal wicking 
graphs for dry relaxed (Figure 4.10) and fully relaxed fabrics (Figure 4.11) are 
plotted separately. 
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Table 4.9: Longitudinal Wicking Test Results Before and After Washing 
BW A5Ws 
Fabric Code Wicking 
Height (cm) 
Wicking 
Velocity 
(mm/min) 
Wicking 
Height (cm) 
Wicking 
Velocity 
(mm/min) 
1A 3,008 6,016 9,433 18,866 
1B 3,516 7,032 9,55 19,1 
2A 3,483 6,966 8,2 16,4 
2B 2,916 5,832 9,383 18,766 
3A 2,45 4,9 9,283 18,566 
3B 3,966 7,932 9,117 18,234 
4A 1,016 2,032 9,567 19,134 
4B 1,1 2,2 9,3 18,6 
5A 2,966 5,932 9,767 19,534 
5B 2,983 5,966 9,633 19,266 
6A 0,816 1,632 8,8 17,6 
6B 1,6 3,2 9,133 18,266 
7A 1,5 3 9,55 19,1 
7B 2,45 4,9 9,3 18,6 
8A 0,35 0,7 9,667 19,334 
8B 1,133 2,266 9,783 19,566 
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Figure 4.10: Longitudinal Wicking Before Washing 
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Figure 4.11: Longitudinal Wicking After Washing 
It is obvious that washing caused all types of fabrics to change in their wicking 
abilities and make their curve of longitudinal wicking heights much more similar to 
each other.   
Univariate analysis of variance results indicate that all four categorical variables, 
fiber composition, yarn count, initial tightness and washing have statistically 
significant effects on longitudinal wicking velocities at 95% confidence interval 
similar to transfer wicking. 
Post hoc tests carried out with longitudinal wicking test results at 95% confidence 
interval introduced that the fiber composition has a statistically significant effect on 
longitudinal wicking behavior. According to post hoc test results mean differences 
between every pair of fiber composition combinations are statistically significant, in 
other words each fiber composition group of fabrics has a different longitudinal 
wicking behavior, probably due to their different surface energy levels of fiber, yarn 
and consequently fabric surfaces caused by fiber type and fiber composition ratios.  
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Figure 4.12: Longitudinal Wicking Velocities Before and After Washing 
As seen from Figure 4.12, before five washes, the longitudinal wicking velocities of 
the fabrics tested increases with an increase of acrylic percentage in the fiber 
composition. The significant effect of washing, which largely increased the mean 
vertical wicking heights of the fabrics, did not change the order, except 100% cotton 
group of fabrics which had improved its wicking ability most among four fiber 
composition groups of fabrics. As mentioned before, since wicking rates of cotton 
increases after consecutive launderings, 100% cotton group of fabrics show the 
highest gain in wicking ability due to washing.    
Another categorical variable which is influential on longitudinal wicking behavior of 
fabrics is fabric tightness. It is shown in Figure 4.13 that dry relaxed tight fabrics, 
theoretically having more number of capillaries per unit size which means more and 
finer capillaries, compared to slack fabrics, have bigger mean longitudinal wicking 
average velocity values.  
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Figure 4.13: Tightness Effect on Longitudinal Wicking Velocities Before Washing 
The literature survey [11], revealing that coarser yarns wick faster than finer ones, 
are consistent with the results both obtained before and after washing. In order to 
illustrate this, Figure 4.14, supporting those findings and showing the yarn count 
effect on longitudinal wicking velocities before washing, was plotted. Fabrics knitted 
with Ne20 yarns show higher longitudinal wicking abilities than the fabrics of Ne30 
yarns tested. 
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Figure 4.14: Effect of Yarn Count on Longitudinal Wicking Behavior Before 
Washing 
According to the results of bivariate correlation analysis made to explore the possible 
relationships between fabric physical properties, apart from the effects of categorical 
variables of fabrics, there is a negative correlation between fabric bulk density values 
and longitudinal wicking velocities of the fabrics examined at 99% confidence 
interval. Increasing number of pores in unit volume of the fabrics may probably be 
the reason causing an increase in longitudinal wicking velocities with decreasing 
fabric bulk densities. In addition, parallel with the findings in the literature [8], bulk 
properties of the fiber material, such as moisture regain, do not have any significant 
correlations with any of the liquid transport properties. 
4.1.4 Results of Drying Tests 
Drying tests were performed both before and after washing were used to determine 
drying time and speed of drying of every single fabric type studied. The time 
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required to dry fully wetted fabrics and the average drying rates of them till drying 
ended is shown below in Table 4.10. 
Drying ratio defined by the ratio of water volume present in the fabric to the volume 
of water initially held can be calculated as follows (Equation 4.1), where Mo and Mr 
are the fully wetted initial mass and conditioned mass of fabric specimen and M is 
the mass at a time t during drying occurs: 
r0
0
M-M 
M-M
Ratio Drying =                                                                                        (4.1) 
Absolute drying of fabrics give the result of 1 using the formula above where drying 
ratio is 0 at t=0, at the beginning of drying test.  
Table 4.10: Drying Time and Drying Rates Before and After Washing 
BW A5Ws 
Fabric Code Drying 
Time (h)  
Drying 
Rate (g/h) 
Drying 
Time (h)  
Drying 
Rate (g/h) 
1A 5,42 0,69 3,25 0,77 
1B 5,75 0,65 6,25 0,56 
2A 7,17 0,61 6,67 0,7 
2B 7,58 0,58 6 0,54 
3A 6,83 0,66 5,33 0,7 
3B 5,92 0,71 6,58 0,58 
4A 7,08 0,57 4,95 0,64 
4B 7,58 0,56 5,95 0,6 
5A 3,92 0,79 4,17 0,77 
5B 3,92 0,78 5,75 0,7 
6A 5,08 0,63 4,95 0,76 
6B 5,03 0,66 5,58 0,66 
7A 3,92 1 3,95 0,8 
7B 4,25 0,86 4,5 0,68 
8A 5,05 0,71 3,75 0,89 
8B 6,75 0,36 3,92 0,82 
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As seen from the table 100% acrylic fabrics of Ne30 yarns and 50/50 acrylic/cotton 
slack fabric of Ne30 yarns are the fabrics drying first and 50/50 acrylic/cotton slack 
fabric of Ne30 yarns has the highest drying rate of 1 g/h among dry relaxed fabrics. 
100% cotton tight fabric of Ne20 yarns and 85/15 cotton/acrylic tight fabric of Ne20 
yarns are the fabrics dried at the latest time and 100% cotton tight fabrics of Ne30 
yarns had the lowest drying rate among dry relaxed fabrics tested. 100% acrylic 
initially slack fabric of Ne20 yarns dried first and 100% cotton initially slack fabric 
of Ne30 yarns had the highest drying rate of 0,89 g/h where 85/15 cotton/acrylic 
initially slack fabric of Ne20 yarns dried after all fabrics tested were dried and 85/15 
cotton/acrylic initially tight fabric of Ne20 yarns had the lowest drying rate of 0,54 
g/h among fully relaxed fabrics tested. 
To show drying behavior of the fabrics tested drying ratio values changing with time 
are plotted both for drying test results of dry relaxed (Figure 4.15) and fully relaxed 
fabrics (Figure 4.16).  
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Figure 4.15: Drying Ratios Before Washing 
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Figure 4.16: Drying Ratios After Washing 
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Figure 4.17: Volume Occupied by Water (Before Washing) Against Time  
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Since the speed of drying is directly related to the volume of water retained in a 
fabric, in order to have a better approach of drying behaviors of fabrics than just 
using the drying rates in grams per hour, the percentage of the volumes of fabrics 
occupied by water for a time t during drying were used and graphs showing the 
differences of the volumes occupied by water versus time were plotted for drying test 
results of dry relaxed (Figure 4.17) and fully relaxed fabrics (Figure 4.18) separately.  
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Figure 4.18: Volume Occupied by Water During After Washing Drying Test 
Statistically analyzing the data obtained from the drying tests at 95% confidence 
interval, univariate analysis of variance results in that yarn count is the most 
significant categorical effect on drying and it is followed by tightness and the fiber 
composition. Pairs of “fiber composition and yarn count”, “fiber composition and 
washing” and “tightness and washing” and triples of “fiber composition, yarn count 
and washing” and “fiber composition, tightness and washing” have also statistically 
significant interaction effects on drying rates. Figure 4.19 indicates the effect of yarn 
count on drying behaviors of fabrics tested. 
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Figure 4.19: Effect of Yarn Count on Drying Behaviors of Fabrics 
As seen on the graph fabrics of Ne30 yarns have higher mean drying rates than those 
of fabrics of Ne20 yarns which means finer yarns lead to faster drying. 
Post hoc tests applied to find the effect of difference between fiber compositions on 
drying indicates that at 95% confidence interval 100% acrylic group of fabrics had a 
statistically significant mean difference between groups of fabrics of cotton-acrylic 
blends but did not differ from 100% cotton group of fabrics on drying. Moreover, 
100% cotton fabrics do not have a statistically significant difference with 85/15 
cotton/acrylic group of fabrics on drying behavior where the mean values of 100% 
cotton group of fabrics statistically differs form the mean values of 50/50 
cotton/acrylic group of fabrics. In addition, the mean difference of drying rate values 
of 85/15 cotton/acrylic and 50/50 cotton/acrylic is statistically significant at 95% 
confidence interval. Therefore, fiber composition effect on drying is slightly complex 
which is not exactly systematic for the fabrics tested.   
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Bivarition correlation analysis applied was used to form Table 4.11. 
Table 4.11: Correlations with Drying Rates 
Continuous Variables 
Fabric 
Weight 
(g/m2) 
Fabric 
Thickness 
(mm) 
Fabric 
Bulk 
Density 
(g/cm3) 
Stitch 
Density 
(1/cm2) 
Stitch 
Length 
(mm) 
Pearson 
Correlation -0,342 -0,403 -0,077 0,287 -0,273 
Drying 
Rate (g/h) 
Sig.(2-
tailed) 0,001 0,000 0,455 0,005 0,007 
From the table above it is clear that with an increasing stitch density and a decreasing 
stitch length drying rates of the fabrics examined increases, in other words 
comparatively tight fabrics of testing sample range dried faster which can be related 
with the bigger ratio of efficient evaporation area to total area of test fabric swatch. 
Apart from that, drying ratios have negative correlations with fabric weight and 
fabric thickness where it has no correlation with fabric bulk density which means that 
being independent from the fabric bulk density drying lasts long with the increasing 
fabric weight and fabric thickness. This result also runs parallel with the findings of 
the previous researches [16,17] stating that drying speed is related to initial amount 
of water in the fabric and the initial amount of water in a wetted out fabric is 
proportional to the fabric thickness and fabric weight. 
4.2 Results of Physical Performance Tests 
Since the physical performance tests were carried out with greige fabrics and dyed 
fabrics both of which divided into two parts, before washing and after five 
laundering cycles, where the physical properties of the fabrics tested were different, 
it is better to have here the tables summarizing fabrics’ physical properties for the 
two stages not given previously. Two tables below summarize the greige fabrics’ 
physical properties before (Table 4.12) and after washing (Table 4.13) separately. 
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Table 4.12: Physical Properties of Greige Fabrics Before Washing 
   Fabric Property 
Fabric Code 
Fabric 
Weight 
(g/m2) 
Fabric 
Thickness 
(mm) 
Fabric 
Bulk 
Density 
(g/cm3) 
Stitch 
Density 
(1/cm2) 
Stitch 
Length 
(mm/stitch) 
1A 175,8 0,69 0,255 192,5 3,565 
1B 199,1 0,71 0,280 231 3,295 
2A 184,4 0,68 0,271 187 3,66 
2B 196,2 0,7 0,280 224 3,195 
3A 179,7 0,66 0,272 178,5 3,515 
3B 193,4 0,69 0,280 217 3,19 
4A 165,7 0,65 0,255 190 3,5 
4B 190,2 0,69 0,276 222 3,215 
5A 129,9 0,61 0,213 235,5 3,155 
5B 144,3 0,61 0,237 289 2,74 
6A 125,7 0,6 0,210 225 3,13 
6B 143,1 0,63 0,227 281,5 2,75 
7A 125 0,56 0,223 225,5 3,235 
7B 140,4 0,62 0,226 290,5 2,66 
8A 126,8 0,56 0,226 214 3,165 
8B 141,4 0,6 0,236 303,5 2,695 
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Table 4.13: Physical Properties of Greige Fabrics After Five Washes 
   Fabric Property 
Fabric Code 
Fabric 
Weight 
(g/m2) 
Fabric 
Thickness 
(mm) 
Fabric 
Bulk 
Density 
(g/cm3) 
Stitch 
Density 
(1/cm2) 
Stitch 
Length 
(mm/stitch) 
1A 201,74 0,763 0,264 201,17 3,483 
1B 225,72 0,76 0,297 236 3,166 
2A 215,42 0,783 0,275 229,17 3,517 
2B 236,2 0,776 0,304 259,58 3,291 
3A 207,9 0,767 0,271 219 3,617 
3B 229,62 0,75 0,306 247,91 3,191 
4A 216,46 0,767 0,282 220 3,658 
4B 235,72 0,766 0,308 260 3,191 
5A 148,78 0,7 0,213 249,67 3,225 
5B 167 0,646 0,259 338,16 2,891 
6A 153,42 0,717 0,214 250,58 3,333 
6B 178,64 0,711 0,251 346,16 2,708 
7A 151,3 0,69 0,219 250,66 3,283 
7B 175,42 0,63 0,278 330 2,816 
8A 154,4 0,723 0,214 275,33 3,125 
8B 180,52 0,663 0,272 311,58 2,783 
Physical properties of dyed fabrics have already given on Table 4.1 and Table 4.2. 
4.2.1 Results of Moisture Regain Test 
Moisture regain tests performed for dyed fabrics before and after washing resulted in 
proving that the moisture regain properties of fabrics are only influenced by the 
categorical variable of fiber composition as supposed to be. Moisture regain and 
moisture content values of fabrics tested before and after five washes are listed in 
Table 4.14.  
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Table 4.14: Moisture Regain and Moisture Content Before and After Washing 
BW A5Ws 
Fabric Code Moisture 
Content (%) 
Moisture 
Regain (%) 
Moisture 
Content (%) 
Moisture 
Regain (%) 
1A 0,89 0,90 1,2 1,22 
1B 1,35 1,37 0,88 0,88 
2A 5,63 5,96 5,39 5,7 
2B 5,08 3,36 4,99 5,25 
3A 3,65 3,79 3,04 3,13 
3B 3,28 3,39 3,17 3,27 
4A 5,13 5,41 5,82 6,18 
4B 6,16 6,57 6,24 6,67 
5A 1,00 1,01 1,05 1,06 
5B 1,00 1,01 1,48 1,51 
6A 5,00 5,26 5,13 5,41 
6B 4,20 4,39 4,38 4,58 
7A 3,48 3,61 3,18 3,28 
7B 3,14 3,24 3,43 3,55 
8A 5,51 5,83 5,83 6,19 
8B 5,45 5,77 5,67 6,01 
Information on the table above shows that moisture regain properties of fabrics 
naturally reflect the fibers’ ability of regain. 100% cotton group of fabrics have the 
highest values, 100% acrylic fabrics have the lowest values while the blends have the 
values in between proportional to their blend ratios. Moisture content of the fabrics 
tested for regain are shown in light blue in Figure 4.20 and Figure 4.21. 
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Figure 4.20: Moisture Contents of Fabrics Before Washing 
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Figure 4.21: Moisture Contents of Fabrics After Washing 
Statistically analyzing the above data, univariate analysis of variance method gives 
the information that at 95% confidence interval fiber composition is the most 
significant categorical variable affecting the regain properties of fabrics and 
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according to the post hoc test results all four options of fiber composition have been 
statistically different, again at 95% confidence interval, in respect to their abilities of 
moisture regain. Below graph shows the fiber composition effect on moisture regain 
properties of fabrics examined. 
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Figure 4.22: Effect of Fiber Composition on Moisture Regain Properties of Fabrics 
Other statistically significant, at 95% confidence interval, categorical variable is yarn 
count. In general, fabrics of coarser yarns, Ne20, tend to regain moisture more than 
the fabrics of finer yarns, Ne30.  
Bivariation correlation analysis displayed that there is a positive correlation between 
moisture regain values and fabric thickness at 99% confidence interval of which 
correlation coefficient is 0,582 and at 95% confidence interval there is a negative 
correlation between fabric bulk density and moisture regain values of which 
coefficient is -0,257. In other words, increasing fabric thickness or decreasing fabric 
bulk density increases the regain values of fabrics tested. 
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4.2.2 Dimensional Stability Test Results 
Dimensional change occurred on dyed fabrics due to washing are given below in 
Table 4.15 in terms of percentage dimensional change in length and width. 
Table 4.15: Dimensional Stability Test Results of Dyed Fabrics in Width and Length 
A1W A2Ws A3Ws A4Ws A5Ws 
Fabric  
Code Width Length Width Length Width Length Width Length Width Length 
1A 0,00 -1,50 -0,33 -2,08 -0,67 -1,33 0,00 -2,83 0,58 -2,00 
1B 0,00 -0,92 0,75 -1,42 0,17 -1,33 0,00 -1,33 0,58 -1,66 
2A -2,42 -1,50 -2,42 -2,00 -2,50 -2,58 -2,33 -3,00 -2,17 -2,75 
2B -2,17 -3,17 -2,50 -4,00 -3,17 -4,17 -3,25 -4,33 -1,83 -3,50 
3A -2,00 -0,50 -1,58 -1,58 -2,17 -1,33 -1,67 -1,17 -1,25 -0,83 
3B -1,42 -1,33 -1,75 -1,25 -2,00 -1,67 -1,33 -2,00 -0,67 -2,00 
4A -0,50 -4,08 -0,50 -5,00 -0,67 -5,50 -1,92 -6,42 0,17 -6,50 
4B -3,00 -2,33 -2,08 -3,25 -2,33 -3,33 -1,83 -4,08 -1,67 -3,17 
5A -0,17 -1,50 0,00 -1,67 0,83 -1,83 -0,17 -2,33 0,08 -1,33 
5B 1,58 -1,67 0,67 -1,42 1,00 -1,67 0,50 -2,50 0,67 -2,25 
6A -3,00 -2,00 -2,50 -2,17 -2,58 -2,33 -3,75 -3,17 -2,00 -2,67 
6B -3,17 -3,33 -2,75 -4,42 -3,83 -4,50 -2,67 -5,00 -2,67 -4,50 
7A -1,17 -2,00 0,00 -2,92 -0,17 -2,58 -1,00 -3,42 -0,83 -2,92 
7B -1,42 -1,08 -1,50 -0,50 -2,00 -1,00 -1,67 -1,67 -1,50 -1,33 
8A -3,00 -3,67 -2,67 -3,17 -4,00 -4,25 -3,42 -5,00 -1,25 -4,00 
8B -2,75 -3,00 -3,08 -4,42 -2,67 -5,17 -3,67 -4,50 -2,67 -5,83 
Using above information on the table, graphs showing dimensional change occurred 
after one washing (Figure 4.23) and after five washes (Figure 4.24) were plotted. 
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Figure 4.23: Dimensional Change on Dyed Fabrics After One Wash 
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Figure 4.24: Dimensional Change on Dyed Fabrics After Five Washes 
Figures above indicate that 100% cotton group of fabrics has the highest shrinkage 
values and they are followed by 85/15 cotton/acrylic group of fabrics in shrinkage 
tendency. In general, after five consecutive washes dimensional change observations 
are increased in magnitude compared to after one washing with showing similar 
behaviors. Above figures also illustrates that dimensional stability tendencies of the 
fabrics studied do not much differ between tight and slack options of all fiber 
composition and yarn count combinations. Hence, before mentioned change occurred 
in stitch lengths of fabrics after washing, which was changed the initial tightness 
values inversely, seems to be independent from fabrics’ dimensional behaviors and 
should be related with the change on yarn dimensions. Using dimensional change 
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values of after one washing and after five washes in widthwise (Figure 4.25) and 
lengthwise (Figure 4.26) directions two separate figures were formed. Below figure 
illustrates that 85/15 cotton acrylic group of fabrics show worse dimensional stability 
performance than 100% cotton group of fabrics in widthwise direction and 100% 
acrylic group of fabrics have simply better dimensional stability than the blends 
groups of fabrics in widthwise direction.  
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Figure 4.25: Dimensional Change in Widthwise Direction 
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Figure 4.26: Dimensional Change in Lengthwise Direction 
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From the Figure 4.26, it can be interpreted that dimensional change in lengthwise 
direction is increasing with increasing amount of cotton in composition and finer 
yarns, Ne30, are resulting in bigger dimensional changes in the lengthwise direction 
for the fabrics tested.  
Bivariate correlation analysis explores that dimensional change values in widthwise 
direction is correlated negatively with fabric thickness and stitch density values. At 
95% confidence interval dimensional change in widthwise direction increases with 
decreasing stitch density and dimensional change in width increases with decreasing 
fabric tightness at 99% confidence interval. Moreover, dimensional change values in 
lengthwise direction have both positive correlations with fabric weight and fabric 
bulk density at 99% confidence interval for the fabrics tested. 
In addition to dimensional change on fabrics below measured spirality values were 
obtained after washing shown below on Table 4.16. Results have been used to plot 
Figure 4.27, showing the values after one wash and after five washes.  
Table 4.16: Spirality Values After Washing 
Fabric Code A1W A2Ws A3Ws A4Ws A5Ws 
1A 1,00 0,25 1,50 0,00 1,00 
1B 1,00 2,50 0,75 1,25 1,38 
2A 1,00 1,25 0,75 0,25 0,25 
2B 0,50 2,25 2,25 1,50 4,00 
3A 0,50 1,00 1,25 2,50 1,50 
3B 0,63 1,00 1,50 1,50 2,00 
4A 5,00 8,25 7,50 7,50 8,25 
4B 1,25 0,50 2,50 2,50 6,25 
5A 0,50 0,25 0,50 0,25 0,50 
5B 1,25 2,13 1,25 1,00 0,25 
6A 0,00 1,00 2,50 2,50 1,88 
6B 1,00 1,50 0,38 2,50 1,75 
7A 0,00 0,38 0,50 0,50 0,00 
7B 0,25 0,75 0,00 0,75 0,00 
8A 0,63 2,00 0,25 2,00 3,13 
8B 0,00 0,25 1,25 4,25 5,75 
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Figure 4.27: Spirality Values After One Wash and After Five Washes 
4.2.3 Bursting Strength Test Results 
Results of bursting strength tests carried out at four stages are listed in Table 4.17.  
Table 4.17: Bursting Strength Test Results of Greige and Dyed Fabrics in kg/cm2 
Fabric  
Code 
Greige fabric 
before washing 
Greige fabric 
after washing 
Dyed  fabric 
before washing 
Dyed fabric 
after washing 
1A 6,41 4,47 6,36 5,63 
1B 6,61 4,97 7,15 6,14 
2A 4,83 4,85 4,55 5,14 
2B 4,96 5,32 5,07 5,56 
3A 4,44 4,63 4,84 4,47 
3B 5,39 5,18 5,03 5,27 
4A 4,95 5,22 5,34 5,56 
4B 5,55 5,60 5,44 5,68 
5A 4,20 3,21 4,93 3,96 
5B 4,75 3,59 5,33 4,49 
6A 3,00 3,20 3,25 3,48 
6B 3,45 3,68 3,60 3,84 
7A 2,97 3,00 3,20 3,1 
7B 3,47 3,54 3,64 3,57 
8A 3,24 3,27 3,19 3,62 
8B 3,85 3,85 3,91 4,32 
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Results shown can be summarized as 100% acrylic fabrics at four of the stages, in 
general, have the highest bursting strength values and groups of fabrics of cotton-
acrylic blends show worse performance than both of the control groups of 100% 
cotton and 100% acrylic groups of fabrics. Moreover, it is seen from the results that 
while washing make the bursting strength of 100% acrylic fabrics decrease, it causes 
bursting strength of 100% cotton fabrics to increase. 
It is clear that the bursting strength of a fabric is influenced by fiber type, yarn count 
and fabric tightness. When statistically analyzing the data, at 95% confidence 
interval according to post hoc test results difference between the mean values of each 
groups of fiber composition are statistically significant and results correcting that 
coarser yarns lead to higher strength values shown in Figure 4.28. 
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Figure 4.28: Mean Bursting Strength Values (kg/cm2) 
Bivariate correlation analysis also illustrates that increasing fabric bulk density leads 
to increase on the bursting strength properties of the fabrics tested as expected. 
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4.2.4 Abrasion Test Results 
Abrasion tests applied for 20000 revolutions were evaluated in terms of percentage 
weight loss occurred. According to test results listed below in Table 4.18, the most 
abraded fabric group is 100% acrylic group of fabrics.  
Table 4.18: Abrasion Test Results of Greige and Dyed Fabrics in Terms of 
Percentage Weight Loss 
Fabric  
Code 
Greige fabric 
before washing 
Greige fabric 
after washing 
Dyed  fabric 
before washing 
Dyed fabric 
after washing 
1A 11,64 5,08 16,67 10,35 
1B 4,96 2,19 9,35 3,85 
2A 7,11 3,28 7,29 8,2 
2B 3,29 1,92 4,07 1,15 
3A 6,58 3,08 10,21 3,3 
3B 4,37 1,67 5,62 0,75 
4A 6,54 4,44 4,21 2,55 
4B 4,55 1,77 4,24 2,2 
5A 13,65 5,52 16,44 3,4 
5B 6,44 2,89 10,13 7,55 
6A 11,27 6,7 10,07 3,2 
6B 8,40 3,22 7,05 3,25 
7A 11,60 5,43 8,86 4,3 
7B 9,29 2,28 5,70 2,05 
8A 9,84 6,09 5,20 5,1 
8B 5,45 5,34 3,03 3,85 
As seen above washing causes percentage weight loss values to be lower than the 
initial weight loss values. In order to compare values of greige and dyed fabrics 
before and after washing visually Figure 4.29 has been plotted. Figure reveals that 
fabrics of finer yarns, Ne30 yarns, compared to fabrics of coarser yarns, Ne20 yarns, 
were abraded more as expected. Weight loss values of dyed fabrics of 100% acrylic 
fibers are higher than their greige fabric values where dyed fabrics of 100% cotton 
fibers tend to resist abrasion more than 100% cotton greige fabrics and cotton-acrylic 
blends behave in between.  
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Figure 4.29: Percentage Weight Loss of Greige and Dyed Fabrics Caused by 
Abrasion 
It can be stated that washing reduces the weight loss effect of abrasion as seen below 
in Figure 4.30, after statistically analyzing the data. 
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Figure 4.30: Effect of Five Washes on Weight Loss of Fabrics Caused by Abrasion 
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According to bivariate correlation analysis results there is a negative correlation 
between abrasion weight loss and thickness at 99% confidence interval. Moreover, 
results support that, at 95% confidence interval, weight loss caused by abrasion 
decreases with increasing stitch density for the fabric range tested. 
 4.2.5 Pilling Test Results 
Results of ICI pilling box and Martindale methods of pilling tests are given below in 
Table 4.19 and Table 4.20, one for greige fabrics and the other for dyed fabrics. 
Results of ICI box method pilling tests are both evaluated after 9000 and 11000 
revolutions. 
Table 4.19: Pilling Test Results of Greige Fabrics  
Before Washing After Five Washes 
ICI ICI 
Fabric  
Code 
9000 11000 
Martindale 
9000 11000 
Martindale 
1A 4 4 4 4-5 4-5 4 
1B 4-5 4-5 4-5 4 4 4 
2A 4 3-4 3 4 4 3-4 
2B 4 4 3-4 4 4 3-4 
3A 4-5 4 3 4-5 4 3-4 
3B 4 4 4 4 4 4 
4A 4 4 3 4-5 4 3-4 
4B 4 4 3-4 4 4 3-4 
5A 4 4 2-3 4 4 4 
5B 4 4 3-4 4 4 4 
6A 4 4 2-3 4 3-4 3 
6B 4 4 3 4 4 3-4 
7A 4 4 3 4 4 3 
7B 4 4 3-4 4 4 3-4 
8A 4 4 2-3 3-4 3 2-3 
8B 4 3-4 3 4 3-4 3 
As seen on both tables pilling tendency evaluations at the end of 9000 and 11000 
revolutions of ICI pilling box method do not differ much for the fabrics tested. 
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According to ICI pilling method results washing does not have a significant 
influence on pilling resistance of fabrics where washing make some of the fabrics 
tend to resist pilling more according to Martindale pilling test results. Furthermore, it 
is clear from the results that fabrics tested after dyeing could resist pilling more.  
  Table 4.20: Pilling Test Results of Dyed Fabrics  
Before Washing After Five Washes 
ICI ICI 
Fabric  
Code 
9000 11000 
Martindale 
9000 11000 
Martindale 
1A 4 3-4 3 4 4 4 
1B 4 3-4 4 4 4 4 
2A 4 3-4 2-3 3-4 3-4 4 
2B 4 3-4 4 4 4 3-4 
3A 4 4 2-3 3-4 4 4 
3B 4 4 4 4 4 3-4 
4A 4 4 2-3 4 4 4 
4B 4 4 3-4 4 4 4 
5A 4 3-4 2-3 3 3 2-3 
5B 3-4 4 3-4 3-4 3-4 4 
6A 4 3-4 2 4 4 2-3 
6B 4 4 3 4 4 2-3 
7A 3-4 3-4 2 3-4 3-4 2-3 
7B 4 4 3 4 4 2-3 
8A 3-4 3-4 2-3 4 4 3 
8B 4 4 3-4 4 4 2-3 
It is clear from the results that groups of fabrics of different fiber compositions did 
not differ much from each other on their resistance to pilling abilities and show a 
moderate pilling propensity in general.  
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5. CONCLUSION 
The object of this study was to investigate comfort properties of knitted fabrics of 
cotton-acrylic blends besides analyzing their physical performance. For this purpose, 
an experimental study was conducted.  
The water interaction with fabrics which incorporates water vapor permeability, 
wicking abilities and drying behaviors of fabrics were examined to see and recognize 
the comfort related abilities of fabrics studied and categorical variables and other 
fabric parameters effective on these properties were tried to be found out. 
It is clear from the results that washing has a positive influence on water vapor 
permeability and wicking abilities of fabrics studied and wicking abilities in 
longitudinal direction and through fabric thickness are correlated with each other 
while they are also correlated with water vapor transmission characteristics in 
behavior. Both wicking abilities increase with decreasing yarn count values while 
drying rates decrease with decreasing yarn count values. Moreover, water vapor 
transmission rates tend to be higher with decreasing acrylic ratio in the composition 
while both longitudinal and transfer wicking abilities of fabrics studied increase with 
the increase of acrylic fiber in ratio in the composition and drying rates are 
independent from the fiber type.    
Physical performance of cotton-acrylic blends were monitored in the values between 
the performance of control groups of 100% cotton and 100% acrylic fabrics except 
bursting strength of fabrics where blends performed worse than the hundred percent 
cotton and acrylic fabrics.  
In the light of water vapor transmission test results of fully relaxed fabrics it should 
be stated that correlation between water vapor transmission rate and fabric tightness 
can be further investigated. Changes in parameters of stitch density and stitch length 
of fully relaxed fabrics can also be investigated for cotton-acrylic blends. The 
elements of this subject can be studied. 
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According to above mentioned analysis, it is better to have optimum blend ratio, yarn 
count and fabric tightness which best suits to the specific end use requirements of the 
product type where cotton-acrylic knitted fabrics will be used.  
In the view of the results obtained, it can be concluded that, blends of cotton and 
acrylic in knitted fabrics should be advised to be used so as to have a fine 
performance of comfort owing to the contribution of acrylic fiber while keeping 
having the natural feeling of cotton.  
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